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PREFACE. 



The object of this book is to provide, in moderate bulk, a collec- 
tion of Eules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts, and especially in engineering and practical 
mechanics. The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
on to the last figure. The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, nevertheless, for the 
solution of such problems in practical, mechanics as involve the use 
of those functions; for purposes of Geodesy, the only proper trig- 
onometrical tables are such as fill a large pai*t of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measui*ement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the Measures, commonly so called, of 
difierent nations, and contains tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to t^se of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various units of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities — viz., the paper of Mr. Aiiy, Astronomer-EA^^l^ 
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on "Standards of Measure," and that of Professor Miller on the 
"Standard Pound." The tables of multipliers for the conversion 
of measures are numerous and varied, and arranged with a view 
to compactness. 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at difierent angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting put of works comprehend directions for ranging 
curves on lines of milway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of difierent kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machineiy. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Pai-t relates to Heat and the Steam Engine. It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency and dimensions of furnaces and boilers ; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the iise of which much of the labour of calculation may 
be saved ; and this is followed by a very full alphabetical index. 

W. J. M. R. 
Glasgow Univebsitt, May, 1866. 



CONTENTS. 



PART I.— NUMBERS AND FIGURES. 

Pagb 

E XPL ANATioN of Tables of Squares, Cubes, Redprocals, and Common Logarithms, 1 
Explanation of Table 1 A and Table 2, . . . . ^. . , .10 
Table 1. — Squares, Cubes, Reciprocals, and Common Logarithma of Numbers 

from 101 to 1000, 11 

Table 1 a. — Approximate Square Roots, Cube Roots, and Redprocals of Prime 

Numbers from 2 to 97, 31 

Table 2.— Squares and Fifth Powers of Numbers from 10 to 99, . . . 82 

Table 2 a.— Prime Factors of Numbers up to 266, 33 

Explanation of Tables 8 and 3 a, 35 

Table 3. — Hyperbolic Logarithms of Numbers from 1 to 100, .... 88 

Table 3 a. — ^Multipliers for Conversion of Logarithms, 38 

Table 4. — Multiphers for Conversion of Circmar Arcs and Areas, ... 39 

Explanation of Table 6, 41 

Table 5.— Circumferences and Areas of Cirdes of Dir.meters from 101 to 1000, . 42 

Tbioonometrical Rules, 52 

Explanation of Table 6, 69 

Table 6.— Arcs, Sines, and Tangents for every Degree, 61 

RULES FOR THE MENSURATION OF HGURES. 

Section I. — Plane Areas. 63 

„ II.— Cylindrical Conical, and Spherical Areas, 71 

„ III.— Volumes, : 72 

„ IV.— Lengths of Curves, 74 

„ V. — Centres of Magnitude, 81 

Addendum.— Table 7. — Regular Polygons, 88 

Table of Rhombs, 89 

PART IL— MEASURES. 

Section I. — Measures of Angles, 90 

„ II. — Measures of Time, 90 

„ III. — Measures of Length, 92 

„ IV. — Measures of Area, or Superficial Measures, 95 

„ V. — Measures of Volume, or Solid Measures, 96 

„ VI.— Measures of Weight, 97 

„ VII. — Measures of Capacity, 99 

,, VIII.— Measures of Value, 100 

„ IX.— Measures of Speed, Heaviness, Pressure, Work, Power, Moment, 

and Absolute Force, 102 

„ X. — Measures of Heat, 105 

„ XI.— Tables of Multipliers for converting Measures, .... 107 



Vlll CONTENTS. 

PART III.— ENGINEERING GEODESY. 

Pagb 
Section L — Roles and Tables depending on the Dimensions and Figure of the 

Earth, 117 

II.— Tables of Scales for Plans and Sections, 125 

HI. — Rules relating to Surveying, 127 

IV. — Rules relating to Levelling and Soundmg, 131 

V. — Rules relating to Setting-out Works, 133 

YI. — Rules relating to Meilsuration of Earthwork, 143 

PART IV.— DISTRIBUTED FORCES AND MECHANICAL CENTRES. 

Rules as to S^ific Gravity, Heaviness, Density, and Bulkiness, . . .146 

Tables of Heaviness and Specific Gravity, 149 

Rules as to Centre of Gravity, Moment of Inertia, Centre of Percussion, Centre 

of Pressure, and Centre of Buoyancy, 153 

PART v.— BALANCE AND STABILITY OF STRUCTURES. 

Section I. — Rules relating to the Composition and Resolution of Forces, . .158 

„ II. — Balance and Stability of Frames, Chains, and Linear Ribs, . . 165 

„ IIL— Rules relating to the Pressure of Earth and Stability of Masonry, . 179 

PART VI.— STRENGTH OF MATERIALS. 

Section I.— Tables, 191 

„ IL— Rules, 205 

PART VII.-MACHINES IN GENERAL. 

Section I. — Rules relating to the Comparison of Motions, 228 

IL— Rules relating to Mechanism, 231 

III. — Rules relating to Work at Uniform and Periodical Speed, . . 238 

IV. — Rules relating to Varying Speed, 245 

v.— Strength of Machinery, 249 

VL — Muscular Power, 200 

PART VIII.— HYDRAULICS. 

Section I. — Rules relating to the Flow of Water, 256 

„ IL— Rules relating to Hydraulic Prime Movers (also to Windmills), . 269 

„ III. — ^Rules relating to Propulsion of Vessels, 274 

PART IX.— HEAT AND THE STEAM ENGINE. 

Section I.— Rules and Tables relating to the Mechanical Action of Heat, 

especially through Steam, 277 

„ IL — Rules relating to Fuel, Furnaces, and Boilers, .... 295 

„ IIL— Various Dimensions and fittings of Steam Engmes, . . . 297 



ADDENDA. 

Fusion of Solids, 302 

Flow of Gases, 302 

Levelling by the Barometer (correction for variations in gravity), .... 303 

Additional Resistance of Vessels, from deficient Length, 303 

Friction of Leather Collars, 303 

Plate of the Mechanical Properties of Steam, to face page .... 304 

Index, 805 



USEFUL EULES AND TABLES. 



PAET I. 

NUMBERS AND FIGURES. 

Table 1. — Squares, Cubes, Reciprocals, and Commoit 
Logarithms of Numbers from 101 to 999. 

Explanation. 

^Squares, Cvhes, and Reciprocals. 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number ; for example, 
102 ^ 100; 1002 = 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the oi-iginal number; for example, 
102 = 1000 ; 1002 = 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the oiiginal number 
contains. For example, 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure ; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to it, 
and omit the noughts from the right of each of them. For example, 
to find the square and cube of 15; look for 150; then we find 

Nmnber. Square. Cube. 

150 22500 3375000 

from which, omitting the noughts, we obtain 

15 225 3375 

b 
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Again, to find the square and cube of 7, look for 700; then we 
lind 

Number. Square. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 

figures followed by noughts ; find the square and cube opposite the 

first three figures in the table ; annex twice as many noughts to 

the square, and thrice as many noughts to the cube. For example. 



Number. 


Square. 


Cube. 


377 


I42129 


53582633 


3770 


T 42 I 2900 


53582633000 


37700 


I42129OCOO 

and SO on. 


53582633000000 



7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contain^ twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when requii-ed. For example. 



jNumoer. 

377 


wquare. 
I42129 


uuoe. 
53582633 


37 '7 


1421*29 


53582633 


377 


14*2x29 


53582633 


•377 


-I42129 


•053582633 


•0377 


•OOI42129 . 

and SO on. 


•000053582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the riglii, of 
the original number, a nought is to be inserted at the left of the 
reciprocal ; and for every place of decimals that is cut off at the 
righJb of the original number, the decimal point is to be shifted one 
place to the righi in the reciprocal. For example, 

Number. Reciprocal 

160 "00625 

1600 -000625 

16000 '0000625 

and so on; 

16 -0625 

1*6 '625 

•16 625 

•016 625 

•0016 625 

and so on. 



POWERS — ^RECIPROCALS — ^LOGARITHMS. 3 

9. The reciprocal of the reciprocal of a number is the original 
number itself. For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of oiiginal numbei*s. 

10. To reduce a vulgar fraction to a decimal fraction ; multiply 
the reciprocal of the denominator of the vulgar fraction by the 
numerator. For example, to reduce 11-1 6 ths to a decimal 
li-actiou ; 

Reciprocal of 16, '0625 

X Numerator, 11 

•6875 Answer, 

NoTK — The only numbers whose reciprocals can be expressed 
exdcdy in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

1 1. The square of the product of two numbers is the product of 
their squares ; the cube of their product is the product of their cubes. 
For example, 

19982 = (999x 2)2= 9992x22 
= 998001x4 = 3992004; 

19983 = (999x 2)3 = 9998x28 
= 997002999 x 8 = 7976023992. 

12. To find the square of a quotient or fmction; divide \\\q 
square or cube of the dividend or numerator by the square or cube 
of the divisor or denominator. For example, 

(^y4?^ = ^ = 249500-25; 

^9|9y^999^^997002999^j24625374-875. 

13. To find the square of the sum of two numbera; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + ^Ib ; 

377002^1421290000 

252= 625 

37700 X 25 X 2 1885000 

377252 =1423175625 Sum. 

14. To find the square of the difference of two numbers ; from 
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the sum of .their dBqwares subtract twice iheir product. Example : 
to find the square of 37725 = 37800 - 75; 

378002=1428840000 
752= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted 

rin5^ (as before) 1423175625 Remainder. 

15. To find the cube of the sum of two numbers ; add together tlic 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25; 

377003 -=53582633000000 
253= \56'25 

377002 X 25 X 3 

= 1421290000 X 25 x 3= 106596750000 
^7700x252x3= 70687500 

377258= 53689300453125 Sum. 

16. To flbd the cube of tlie difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75 ; 

378003=54010152000000 
37800x752x3= 637875000 



753= 421875 

75 X 378002 X 3 = 321 489000000 



54010789875000 Sum. 
321489421875 Sum. 



377253 (as before) 53689300453125 Diff. 

Extraction of Square and Cvhe Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is th« same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find the square root of an «xact square of not more than 
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i?ix figures; divide the given square into periods of two figiirea, 
beginning at the decimal point ; look in the column of squares for 
the same figuras, similarly divided into- periods; the root will be 
fopposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square tliat Jias the same left-hand period wi^h the given number; the 
root opposite that square will give the firsts three figures of the 
required root. Then place the decimal point as- directed in 
Rule 18. 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to ^YQ places of figures. For the fii-st three figures, take the root 
of that square in the table which is next below the given number, 
and has its left-Jiand period tJie sanie. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the .approximate root. (Should there 
be but one integer figure in the quotient, insert a nought 
before it) 

Examples op Rules 18, 19, and 20. 

L Extract the square root of 1421-29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; which is there- 
fore 37-7. 

II. Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, 14 23 -18 

Nearest square of which the \'ia oi .99 _ 37.72 
left-hand period is 14, J "^ ~ 

Therefore 37 '7 is the approximate root required. 

IIL Extract the approximate square root of 1423*18, correct to 
five figures; 
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Given number, in periods as before, 14 23 '18 

Next less square in the table, U 21 -29 = 37-72 

Divide by 377 + 378 = 755 ") 1 SdOO Diffl 

Quotient, being the two additional figures required, 25 ; 
37*725, approximate root 

Note. — It is essential that the left-hand periody and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In tlie 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand pei-iod is 
only 1 instead of 14; and it would be a great en'or to take 119 as 
an approximation to the root requii'ed. 

The same remark applies to the rules for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into peiiods of three figures, 
beginning at the decimal point ; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to thi-ee figures; divide the 
given number into peiiods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that lias the same left-hand period with the given number ; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having three periods of figures that is not an exact cube, connect 
to five places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
and ha^ its left-hand pei^d the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in the quotient, insert a nought before it). 

Examples op Rules 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
5^-6^2 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377 ; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3*77. 

II. Extract the approximate cube root of 53*6893, correct to 
three figures. Divide the number into periods of three figures, 
thus, 53-689 300. Then we have, 

Given number, 53- 689 300 

Nearest cube of which the ) ^o. 500 gQQ _ 3.778 
left-hand period is 53, ... j ~ 

Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53*6893, correct to 
five figures. 

Given number, in periods as before,... 53* 689 300 

Next less cube in the table, . 53* 582 633 = 377^ 

Divide by 377 ) 106 667 00 Dijf. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 
3-7725, approximate root. 

Use of Squa/rea for Mvltiplication, 

24. To multiply two numbers together by means of a table of 
squares. 

Case I. If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difiference; the 
remainder will be the product required. 

Case II. If one number is odd, and the other even ; subtract 
1 from l^e even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 

968 
Half-sum, -s- = 484 ; its square, 234256 

Half-diff., ?^ = 107 ; its square, 1 1449 

Product required, 222807 

Example II. — Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 
Add 377 

Product required, 223184 



3 iniMBERS AND FIGURES. 

Common Logarithms. 

25. The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the ind^x of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of '1 is — 1, and that of any power 
of •! is the index of that power with the negative sign; that is, it 
is equal to one more than the number' of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of "01 is— 2; that of -001, — 3; and so on. 

28. The logarithms given in the table are merely the fractional 
parts of the logarithms, correct to ^ve places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than '1, the 
index is 1; for numbers less than -1 and not less than '01, the 
index is 2; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them» 



Examples. 




Kumbw. 


Logarithm. 


377000 


5-57634 


37700 


457634 


3770 


357634 


377 


257634 


377 


1-57634 


377 


0-57634 


•377 


1-57634 


•0377 


£•57634 


•00377 


3-57634 


and so on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by ^subtracting the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by di\'iding the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added, and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complement 
(as it is called) of that index to 10; that is to say, 9 instead of T, 
8 instead of 2, 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10 + to it; for example, 

Nmnber Logarithm with Logarithm with 

Negative Index. Complementary Inde& 

•377 1-57634 -10 + 9-57634 

•0377 2-57634 -10 + 8-57634 

•00377 3-57634 - 10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

X 25 + 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Answer. 

35. To find the natural number, or antilogarithm, corresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greatei lo^Yv\k\SL m 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogaiithm of the common logarithm 
•57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subti-act log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

BO that the answer is 37725. 



Explanation op Table 1 a and Table 2. 

Table 1 A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 



11 



No. 


Square. 


Cub«. 


Reciprocal 


C. Loff. 




lOI 


I 0201 


I 030301 


•009900990 


00432 




102 


10404 


I 061 208 


•009803922 


00860 




103 


... I 0609 


... I 092727 


^0097087 38 


01284 




104 


I 08 16 


I 124864 


•009615385 


01703 




105 


I 1025 


I 157 625 


•009523810 


02119 




106 


... I 1236 


... I 191 016 


-009433963 


02531 




107 


11449 


1225043 


•009345794 


02938 




108 


I 1664 


I 259712 


•009259259 


03342 




109 


... I 1881 


... 1295029 


-009174312 


03743 




IIO 


I 2C 00 


1 331 000 


•009090909 


04139 




III 


1 2321 


I 367 631 


•009009009 


04532 




112 


... 12544 


... 1404928 


•008928571 


04922 




113 


I 27 69 


1442897 


•008849558 


05308 




114 


I 2996 


I 481 544 


•008771930 


05690 




"5 


... 13225 


... 1520875 


^008695653 


06070 




116 


134 5^5 


I 560 896 


•008620690 


06446 




117 


13689 


I 601 613 


•008547009 


06819 




118 


... 13924 


... 1643032 


-008474576 


07188 




119 


1 41 61 


I 685 159 


•008403361 


07555 




120 


14400 


I 728000 


•008333333 


07918 




121 


... I 46 41 


... I 771 561 


^008264463 


08279 




122 


14884 


I 815 848 


•008196721 


08636 




123 


15129 


1860867 


•008130081 


08991 




124 


... 15376 


... 1 906 624 


^008064516 


09342 




125 


15625 


I 953 125 


•008000000 


09691 




126 


15876 


2000376 


•007936508 


10037 




127 


... I 61 29 


... 2048383 


^00787 4016 


10380 




128 


16384 


2097 152 


•007812500 


10721 




129 


I 66 41 


2 146689 


•007751938 


1 1059 




130 


... I 6900 


... 2 197 000 


-007692308 


11394 




131 


I 71 61 


2 248091 


•007633588 


11727 




132 


17424 


2 299 968 


•007575758 


12057 




133 


... 17689 


... 2352637 


-007518797 


12385 




134 


17956 


2 406 104 


•007462687 


I2710 




135 


18225 


3460375 


•007407407 


13033 




136 


... 18496 


... 2515456 


-007352941 


13354 




137 


18769 


2571353 


•007299270 


13672 




138 


19044 


2628072 


•007246377 


13988 




139 


... 1 9321 


... 3685619 


-007194245 


I43OI 




140 


1 9600 


27440C0 


•007142857 


14613 




141 


I 98 81 


2803 221 


•007092199 


14922 




142 


... 201 64 


... 2863288 


-007042254 


15229 




143 


20449 


2 924 207 


•006993007 


15534 




144 


20736 


2 985 984 


•006944444 


15836 




145 


3 1025 


3 048 625 


•006896552 


[ i^^^i V 
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No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


146 


21316 


3112 136 


•006849315 


16435 


147 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


-006756757 


17026 


149 


2 2201 


3 307 949 


•006711409 


I7319 


150 


22500 


3 375 000 


•006666667 


17609 


151 


... 2 2801 


... 3442951 


-006622517 


17898 


152 


23104 


3 511 808 


•006578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652264 


-006493506 


18752 


155 


24025 


3723875 


•006451613 


19033 


156 


24336 


3796416 


•006410256 


19312 


157 


... 24649 


...3869893 


^006369427 


19590 


158 


24964 


3944312 


•006329114 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 25600 


... 4096000 


^006250000 


20412 


161 


25921 


4173281 


•00621 1 180 


20683 


162 


26244 


4251528 


•006172840 


20952 


163 


... 26569 


... 4330747 


^006134969 


21219 


164 


26896 


4410944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4574296 


^006024096 


220II 


167 


27889 


4 657 463* 


•005988024 


22272 


168 


28224 


4741632 


•005952381 


22531 


169 


... 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4913000 


-005882353 


23045 


171 


29241 


5 000 21 1 


•005847953 


23300 


172 


... 29584 


... 5088448 


-005813953 


23553 


173 


29929 


5i77 7n 


-005780347 


23805 


174 


30276 


5 268 024 


•005747126 


24055 


175 


... 30625 


- 5 359 375 


-005714286 


24304 


176 


30976 


5451776 


•005681818 


24551 


177 


31329 


5 545 233 


•005649718 


24797 


178 


... 31684 


... 5639752 


^005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


5 832 000 


•005555556 


25527 


181 


... 32761 


... 5 929 741 


-005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6 128487 


•005464481 


26245 


184 


...33856 


... 6229504 


-005434783 


26482 


185 


3 42 25 


6 331 625 


•005405405 


26717 


186 


34596 


6434856 


•005376344 


26951 


187 


... 34969 


... 6539203 


005347594 


27184 


188 


3 53 44 


6 644672 


•005319^49 


27416 


189 


35721 


6751269 


•005291005 


27646 


190 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Square. 


Cube, 


RedprocaL 


CLog. 


191 


36481 


6967 871 


•005235603 


28103 


T92 


36864 


7077888 


•005208333 


28330 


193 


... 37249 


... 7189057 


005181347 


28556 


194 


37636 


7 301 384 


•005154639 


28780 


195 


38025 


7414875 


•005128205 


29003 


196 


...38416 


- 7529536 


-005102041 


29226 


197 


38809 


7645373 


•005076142 


29447 


198 


39204 


7762392 


•005050505 


29667 


199 


... 39601 


... 7880599 


-005025126 


29885 


200 


40000 


8 000 000 


•005000000 


30103 


201 


40401 


8 120601 


•004975124 


30320 


202 


... 40804 


... 8242408 


-004950495 


30535 


203 


41209 


8365427 


•004926108 


30750 


204 


4 16 16 


8 489 664 


•004901961 


30963 


205 


... 42025 


... 8615 125 


•004878049 


3I175 


206 


42436 


8 741 816 


•004854369 


31387 


207 


42849 


8869743 


•004830918 


31597 


208 


... 43264 


... 8998912 


^004807 692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


... 9393931 


004739336 


32428 


212 


4 49 44 


9528128 


•004716981 


32634 


213 


45369 


9663597 


•004694836 


32838 


214 


... 45796 


... 9800344 


^00467 2897 


33041 


215 


46225 


9938375 


•004651163 


33244 


216 


46656 


10077 696 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360232 


•004587156 


33846 


219 


47961 


10503459 


-004566210 


34044 


220 


... 48400 


...10648000 


-004545455 


34242 


221 


48841 


10 793 861 


•004524887 


34439 


222 


49284 


10 941 048 


•004504505 


34635 


223 


... 49729 


...II 089 567 


-004484305 


34830 


224 


S0176 


II 239424 


•004464286 


35025 


225 


50625 


II 390625 


•004444444 


35218 


226 


... 51076 


...II 543 176 


-004424779 


35411 


227 


51529 


11697083 


•004405286 


35603 


228 


51984 


II 852 352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


52900 


12 167 000 


-004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


232 


...53824 


...12487 168 


004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


55225 


12977875 


-004255319 


37107 



u 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


236 


55696 


13 144 256 


•004237288 


37291 


237 


56169 


13 312 053 


•004219409 


37475 


238 


... 56644 


...I3481 272 


-004201681 


37658 


239 


57121 


13 651 919 


•004184100 


37840 


240 


57600 


13 824 000 


•004166667 


38021 


241 


... 58081 


...13 997 521 


-004149378 


38202 


242 


58564 


14172488 


004132231 


38382 


243 


59049 


14 348 907 


•004115226 


38561 


244 


... 59536 


...14526784 


004098361 


38739 


245 


60025 


14706 125 


•004081633 


38917 


246 


605 16 


14886936 


•004065041 


39094 


247 


... 6 1009 


...15069223 


-004048583 


39270 


248 


61504 


15252992 


•004032258 


39445 


249 


6 2001 


15 438 249 


•004016064 


39620 


250 


... 62500 


...15625000 


'004000000 


39794 


251 


63001 


15813251 


•003984064 


39967 


252 


63504 


16003008 


•003968254 


40140 


253 


... 6 4009 


...16194277 


-003952569 


40312 


254 


64516 


16387064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


...65536 


...16777 216 


-003906250 


40824 


257 


66049 


16974593 


•003891051 


40993 


258 


66564 


171735^2 


•003875969 


41162 


259 


... 67081 


...17373979 


-003861004 


41330 


260 


67600 


17 576 000 


•003846154 


41497 


261 


681 21 


17779581 


•003831418 


41664 


262 


... 68644 


...17984728 


^0038167 94 


41830 


263 


691 69 


18191447 


•003802281 


41996 


264 


69696 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


-003773585 


42325 


266 


70756 


18821 096 


•003759398 


42488 


267 


7 1289 


19034163 


•003745318 


42651 


268 


... 7^824 


...19248832 


003731343 


42813 


269 


72361 


19465109 


•003717472 


42975 


270 


7 2900 


19683000 


-003703704 


43136 


271 


... 73441 


...10902511 


^003690037 


43297 


272 


73984 


20 123648 


•003676471 


43457 


273 


74529 


20346417 


•OQ3663004 


43616 


274 


... 75076 


...20570824 


^003649635 


43775 


275 


75625 


20796875 


•003636364 


43933 


276 


76176 


21024576 


•003623188^ 


44091 


277 


... 76729 


...21253933 


'003610108 


44248 


278 


77284 


21484952 


•003597122 


44404 


279 


77841 


21717639 


•003584229 


44560 


280 


78400 


21 952 000 


•003571429 


44716 
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No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22425768 


•003546099 


45025 


283 


... 80089 


...«2 665 187 


003533569 


45^79 


284 


80656 


22 906 304 


•00352 1 1 27 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


• -23393656 


003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


••24137569 


^003460208 


46090 


290 


841 00 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


003436426 


46389 


292 


... 85264 


...24897088 


003424658 


46538 


293 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•OO34OI361 


46835 


295 


... 87025 


...25672375 


-003389831 


46982 


296 


87616 


25934336 


•003378378 


47129 


297 


88209 


26 198073 


•003367003 


47276 


298 


... 88804 


...26463592 


003355705 


47422 


299 


89401 


26730899 


•003344482 


47567 


300 


90000 


" 27 000 000 


•003333333 


47712 


301 


... 90601 


...27270901 


003322259 


47857 


302 


9 1204 


27543608 


•0033 II 258 


48001 


303 


9 1809 


27 8x8 127 


•003300330 


48144 


304 


... 92416 


...28094464 


-003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


^003257329 


48714 


308 


94864 


29218112 


•003246753 


48855 


309 


95481 


29503629 


•003236246 


48996 


310 


... 96100 


...29791000 


^003225806 


49136 


3" 


967 21 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


003194888 


49554 


314 


98596 


30959144 


•0031847 13 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


003164557 


49969 


317 


1004 89 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


-003134796 


50379 


320 


102400 


32768000 


•003125000 


50515 


321 


10 30 41 


33 076 161 


•003115265 


50651 


322 


... 103684 


...33386248 


-003105590 


50786 


323 


104329 


33 698 267 


•003095975 


50920 


324 


104976 


34012224 


•003086420 


51055 


325 


10 56 25 


34328125 


•003076923 


51188 
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No. 


Square. 


Cub«. 


Reciprocal 


CLog. 


326 


106276 


34 645 976 


•003067485 


51322 


327 


1069 29 


34965783 


•003058104 


51455 


328 


... 107584 


...35287552 


-003048780 


......51587 


329 


I0S24I 


35 61 1 289 


•003039514 


51720 


330 


108900 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


'OO2994OI2 


52375 


335 


II 22 25 


37 595 375 


•00298^075 


52504 


336 


1 1 28 96 


37933056 


•002976190 


52634 


337 


... II 35 69 


...38272753 


-002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 4921 


38958219 


•002949853 


53020 


340 


... II 5600 


..•39304000 


^00294x176 


53148 


341 


116281 


39 651 821 


•002932551 


53275 


342 


11 6964 


40 001 688 


•002923977 


53403 


343 


... 117649 


...40353607 


-0029x5452 


53529 


344 


II 83 36 


40707584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


^002865330 


54283 


350 


12 25 00 


42875000 


•002857143 


54407 


351 


123201 


43243551 


•002849003 


54531 


352 


... 123904 


...43614208 


^002840909 


54654 


353 


124609 


43 986 977 


•002832861 


54777 


354 


12 53 16 


44361864 


-002824859 


54900 


355 


... 126025 


...44738875 


-0028x6901 


55023 


356 


126736 


45 118 oi6 


•002808989 


55145 


357 


127449 


45 499 293 


•002801x20 


55267 


358 


... 12 81 64 


...45882712 


-002793296 


55388 


359 


128881 


46 268 279 


-0027855x5 


55509 


360 


12 9600 


46 656 000 


-002777778 


55630 


361 


... 130321 


...47045881 


-002770083 


55751 


362 


13 10 44 


47 437 928 


-002762431 


55871 


363 


13 17 69 


47832147 


•002754821 


55991 


364 


... 132496 


...48228544 


-002747253 


56110 


365 


133225 


48627 125 


-002739726 


56229 


366 


133956 


49027 896 


-002732240 


56348 


367 


... 134689 


...49430863 


-002724796 


56467 


368 


135424 


49 836 032 


•OO2717391 


56585 


369 


1361 61 


50 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



^o. 


Square. 


Cube 


RedprocaL 


CLog. 


371 


13 76 41 


51064811 


-002695418 


56937 


373 


138384 


51478848 


•002688172 


57054 


373 


... 13 91 39 


-..51 895 117 


-002680965 


57171 


374 


13 98 76 


52313624 


•002673797 


57287 


375 


140625 


52734375 


•002666667 


57403 


376 


... 14 13 76 


...53 157 376 


-002659574 


57519 


377 


14 21 29 


53582633 


•002652520 


57634 


378 


142884 


54010 152 


•002645503 


57749 


379 


... 14 36 41 


...54 439 939 


-002638522 


57864 


38o 


144400 


54872000 


•002631579 


5797.8 


38r 


I45161 


55 306 341 


•002624672 


58092 


382 


... 145934 


...55742968 


•OO261780I 


58206 


383 


146689 


56 181 887 


•002610966 


58320 


384 


147456 


56623104 


xx>26o4i67 


58433 


385 


... 148225 


...57066625 


-002597403 


58546 


386 


148996 


57512456 


•002590674 


58659 


387 


149769 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58 411 072 


^002577320 


58883 


389 


I5133I 


58 863 869 


•002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


•.•59776471 


-002557545 


59218 


392 


153664 


60 236 288 


•002551020 


59329 


393 


154449 


60698457 


•002544529 


59439 


394 


... 155236 


...61 162984 


^00253807 1 


59550 


395 


15 60 25 


61629875 


-002531646 


59660 


396 


15 68 16 


62099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


^00251 8892 


59879 


398 


158404 


63044792 


•002512563 


59988 


399 


15 92 01 


63521 199 


•002506266 


60097 


400 


... 160000 


...64000000 


'002500000 


60206 


401 


16 08 01 


64481 201 


•002493766 


60314 


402 


16 16 04 


' 64 964 808 


•002487562 


' 60423 


403 


... 162409 


...65450827 


^002481390 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


16 40 25 


66430125 


•002469136 


60746 


406 


... 164836 


...66923416 


^002463054 


60853 


407 


165649 


67419143 


•002457002 


60959 


408 


166464 


67 917 312 


•002450980 


61066 


409 


... 16 72 81 


...68417 929 


^002444988 


61172 


'410 


16 81 00 


68921 000 


•002439024 


61278 


= 411 


168921 


69426531 


•002433090 


61384 


•412 


... 169744 


...69934528 


'002427184 


61490 


J413 


170569 


70 444 997 


•002421308 


61595 


414 


17 13 96 


70957944 


•002415459 


61700 


415 


17 22 25 


71 473 375 


•002409639 


61805 ^ 


i 


► ^ 


c 







18 



"No. 


Square. 


Cube. 




CLog. 


416 


173056 


71 991396 


•002403846 


61909 


417 


173889 


72 511 713 


•002398082 


62014 


418 


..... 1^7 47 24 


...73034632 


^002392344 


......62118 


419 


17 55 61 


73560059 


•002386635 


62221 


420 


17 6400 


74088000 


•002380952 


62325 


421 


... 17 72 41 


.. .74618461 


-002375297 


62428 


422 


178084 


75 151 448 


•002369668 


62531 


423 


178929 


75 686 967 


•002364066 


62634 


424 


...^9776 


...76225024 


^00235849 1 


......62737 


425 


18 06 25 


76765625 


•002352941 


62839 


426 


18 1476 


77308776 


•002347418 


62941 


427 


... 182329 


...77854483 


^002341920 


.......63043 


428 


18 31 84 


78402752 


•002336449 


63144 


429 


18 40 41 


78953589 


•002331002 


63246 


430 


..,184900 


•••79507000 


^002325581 


......63347 


431 


18 57 61 


80062991 


•002320186 


63448 


432 


186624 


80621568 


•0023 1 48 1 5 


63548 


433 


... 187489 


...81 182 737 


-002309469 


......63649 


434 


188356 


81746504 


•002304147 


63749 


435 


189225 


82312875 


•002298851 


63849 


436 


... 190096 


...82881856 


'002293578 


......63949 


437 


190969 


83453453 


•002288330 


64048 


438 


19 18 44 


84027672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


-002277904 


64246 


440 


193600 


85184000 


-002272727 


64345 


441 


19 44 81 


85 766 121 


•002267574 


64444 


442 


... 195364 


...86350888 


-002262443 


......64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


19 71 36 


87528384 


•002252252 


64738 


445 


... 198025 


...88 121 12^ 


-002247191 


......64836 


446 


19 89 16 


88716536 


•002242152 


64933 


447 


199809 


89314623 


•002237136 


65031 


448 


... 200704 


...89915392 


-002232143 


65128 


449 


20 16 01 


90518849 


•002227 17 1 


65225 


450 


20 25 00 


91 125000 


•002222222 


65321 


451 


... 203401 


-91733851 


'002217295 


65418 


452 


20 43 04 


92 345 408 


•002212389 


65514 


453 


205209 


92959677 


•002207506 


65610 


454 


... 2061 16 


...93576664 


'002202643 


......65706 


455 


20 70 25 


94196375 


•002197802 


65801 


456 


207936 


94818816 


•002192982 


65896 


457 


... 208849 


-95 443 993 


•002188184 


.......65992 


458 


20 97 64 


96071 912 


•002183406 


66087 


459 


21 06 81 


96702579 


•002178649 


66181 


460 


21 1600 


97 336 000 


•002173913 


66276 



w- 



' No. 


Square. 


Cube. 


Reciprocal 


CLog. 




461 


2t 2521 


97 972 181 


•002 1 69 1 97 


66370 




462 


213444 


98 611 128 


'002164502 


66464 




463 


... 314369 


... 99252847 


'OO2159827 


66558 




464 


215296 


99897344 


•OO2155172 


66652 




465 


21 62 25 


100 544 625 


•002150538 


66745 




466 


... 21 71 56 


...loi 194696 


-002145923 


......66839 




467 


2^8089 


loi 847 563 


•002 14 1 328 


66932 




468 


21 9024 


102 503 232 


•002136752 


67025 




469 


... 21 9961 


...103 161 709 


'002132196 


67117 




470 


220900 


103823000 


•002127660 


67210 




471 


22 18 41 


104487 III 


•002 1 23 1 42 


67302 




472 


... 222784 


...105 154048 


^002118644 


67394 




473 


22 37 29 


105 823 817 


'OO2II4165 


'67486 




474 


22 4676 


106 496 424 


•002109705 


67578 




475 


... 225625 


...107 171 875 


^002105263 


67669 




476 


226576 


107 850 176 


•002100840 


67761 




477 


227529 


108 531 333 


'002096436 


67852 




478 


... 228484 


..,109215352 


^002092050 


67943 




479 


229441 


109 902 239 


•002087683 


68034 




480 


23 04 00 


no 592 000 


•002083333 


68124 




481 


.,. 23 13 61 


...in 284 64T 


'002079002 


68215 




482 


23 23 24 


III 980168 


•002074689 


68305 




483 


233289 


112 678587 


'OO2070393 


68395 




484 


... 234256 


...113379904 


-002066116 


......68485 




485 


235225 


1 14 084 125 


•002061856 


68574 




486 


236196 


114 791 256 


'OO2057613 


68664 




487 


... 237169 


...115501303 


'OO2053388 


....,,68753 




488 


238144 


116 214 272 


•002049180 


68842 




489 


23 91 21 


116 930 169 


•002044990 


68931 




490 


... 240100 


...117 649 000 


'OO2O40816 


69020 




491 


24 10 81 


118370771 


•002036660 


69108 




492 


242064 


1 19 095 488 


•002032520 


69197 




493 


... 243049 


...119 823 157 


'002028398 


......69285 




494 


24 40 36 


120553784 


•002024291 


69373 




495 


24 SO 25 


121 287 375 


•002020202 


69461 




496 


... 246016 


...122023936 


'002016129 


...,.,69548 




497 


247009 


122763473 


•002012072 


69636 




498 


24 80 04 


123505992 


•002008032 


69723 




499 


... 249001 


...124 251 499 


-002004008 


,69810 




500 


25 00 00 


125000000 


•002000000 


69897 




501 


25 1001 


125 751 501 


•001996008 


69984 




502 


... 252004 


...126506008 


^001992032 


70070 




503 


25 30 09 


127263527 


•001988072 


70157 




504 


25 40 16 


128024064 


•001 984127 


70243 




505 


255025 


128787625 


-001980198 


70^29 \^ 



20 



No. 


Square. 


Cube. 


Reciprocal. 




506 


25 60 36 


^29 554 216 


•001976285 




507 


257049 


130323843 


•001972387 




508 


...258064 


...131096512 


-001968504 


'••.. 


509 


259081 


131872229 


•001964637 




510 


260100 


132651000 


•001960784 




5" 


... 26 II 21 


...133 432 831 


-001956947 


',,,, 


513 


2621 44 


134217728 


•ooi953"5 




513 


263169 


135 005 697 


•OOI9493I8 




514 


... 264196 


...135796744 


•001945525 


• .. . 


515 


265225 


136590875 


•001941748 




516 


26 62 56 


137388096 


•001937984 




517 


... 267289 


...138 188 413 


'001934236 


'. ... 


518 


26 83 24 


13899^832 


•001930502 




519 


269361 


139798359 


•001926782 




520 


... 270400 


...140608000 


^001923077 


*.•« 


521 


27I44I 


141 420761 


•001919386 




522 


272484 


142236648 


•OOI9I5709 




52a 


... 273529 


...143055667 


^001912046 


• •* . 


524 


374576 


143877824 


•001908397 




525 


27 56 25 


144 703 125 


•001904762 




526 


... 2'j66'j6 


...145 531 576 


-001901141 


k... 


527 


277729 


146 363 183 


•001897533 




528 


278784 


147 197 952 


•001893939 




529 


... 279841 


...148035889 


'001890359 


.... 


530 


28 09 00 


148877000 


•001886792 




531 


28 19 61 


149 721 291 


•001883239 




532 


... 283024 


...150568768 


^001879699 


.... 


533 


28 40 89 


151 419 437 


•OOI876I73 




534 


285156 


152273304 


•001872659 




535 


... 286225 


...153 130 375 


•OOI869I59 


.... 


536 


287296 


153990656 


•001865672 




537 


288369 


154854^53 


•OOI862I97 




538 


... 289444 


...155720872 


-001858736 


.... 


539 


290521 


156 590 819 


•001855288 




540 


29 16 00 


157464000 


•OOI85I852 




541 


... 292681 


...158 340 421 


'00x848429 


.... 


542 


29 37 64 


159220088 


•001845018 




543 


294849 


160 103 007 


•00x841621 




544 


... 29 59 36 


...160 989 184 


-001838235 


.... 


545 


297025 


161 878 625 


•00x834862 




546 


2981 16 


162 771 336 


•00x83x502 




547 


... 299209 


...163667323 


'00x828x54 


.... 


548 


30 03 04 


164566592 


•00x8248x8 




549 


30 14 01 


165 469 149 


•00x821494 




650 


30 25 00 


166375000 


•001818x82 





21 



Na 


Square. 


Cube. 


Reciprocal. 


CLog. 


551 


303601 


167 284 151 


•OOI814882 


74II5 


552 


304704 


168 196 608 


x>oi8ii594 


74194 


553 


... 305809 


...169 112 377 


x>oi8o83i8 


74273 


554 


306916, 


170 031 464 


x>oi8o5054 


74351 


555 


30 80 25 


170953875 


x>oi8oi8o2 


74429 


556 


... 30 9Tt3<J 


...171 879616 


-001798561 


74507 


557 


310249 


172808693 


•001795332 


74586 


558 


31 1364 


i7374i"2 


•001792115 


74663 


559 


... 31 2481 


...174676879 


-001788909 


74741 


560 


313600 


175 616 000 


1001785714 


74819 


561 


31 47 21 


176558481 


x>oi78253i 


74896 


562 


...315844 


...177504328 


001779359 


......74974 


563 


316969 


178453547 


x>oi776i99 


75051 


564 


318096 


179 406 144 


•001773050 


75128 


565 


... 319225 


...180362 125 


...•..•001769912 


75205 


566 


320356 


181 321 496 


•001766784 


75282 


567 


321489 


182 284 263 


•001763668 


75358 


568 


... 32 2624 


...183250432 


-001760563 


75435 


569 


32 37 61 


184220009 


•001757469 


755" 


570 


32 49 00 


185 193000 


•001754386 


75587 


571 


... 326041 


...186 169 411 


001751313 


75664 


573 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29 


188132517 


x>oi7452oi 


75815 


574 


... 329476 


...189 119224 


-001742160 


75891 


575 


330625 


190 109 375 


•001739130 


75967 


576 


33 17 76 


191 102976 


•001736111 


76042 


577 


... 332929 


...192 100033 


^001733102 


76118 


578 


334084 


193 100552 


•001730104 


76193 


579 


335241 


194 104 539 


•0017 27 116 


76268 


580 


— 33^400 


...195 112 000 


-001724138 


76343 


581 


33 75<5i 


196 122 941 


•001721170 


76418 


582 


33 87 24 


197 137 368 


-0017 18213 


76492 


583 


...339889 


...198 155 287 


-00x715266 


76567 


584 


341056 


199 176704 


•0017 12329 


76641 


585 


34 22 25 


200 201 625 


•001709402 


76716 


586 


... 34 33 9^ 


...20I 230056 


•001706485 


76790 


587 


34 45^9 


202 262 003 


•001703578 


76864 


588 


34 57 44 


203297472 


•001700680 


76938 


589 


... 346921 


...204336469 


-00x697793 


77012 


590 


348100 


205 379 000 


•001694915 


77085 


S91 


349281 


206425071 


•00x692047 


77159 


59a 


... 35 04 64 


...207474688 


-001689189 


......77232 


593 


35 i<5 49 


208527857 


•001686341 


77305 


594 


352836 


209584584 


•001683502 


77379 


595 


35 40 25 


210644875 


-ooi68o6»]2 


^ nnA.t.'iN 



22 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


596 


355216 


2X1708736 


•001677852 


^7525 


597 


35 64 09 


212776 173 


•001675042 


77597 


598 


... 357604 


...213847 192 


"001672241 


......77670 


599 


358801 


214 921 799 


•001669449 


77743 


600 


36 00 00 


216000000 


•001666667 


77815' 


601 


... 36 12 01 


...217 081 801 


-001663894 


......77887^ 


602 


362404 


218 167 208 


•001661 130 


77960 . 


603 


36 36 09 


219256227 


•001658375 


78032 : 


604 


... 36 48 16 


...220348864 


-001655629 


...i.. 78104 


605 


36 60 25 


221 445 125 


•001652893 


78176 ; 


606 


36 72 36 


222545016 


•001650165 


78247 


607 


...368449 


...223648543 


^001647446 


78319 


608 


36 96 64 


224755712 


•001644737 


78390 . 


609 


370881 


225866529 


•001642036 


78462 . 


610 


... 372100 


...226981000 


-001639344 


78533 


611 


373321 


228 099 131 


•001636661 


78604 


612 


37 4544 


229220928 


•001633987 


78675 


613 


...375769 


...230346397 


•OOI63132I 


......78746 


614 


376996 


231475544 


•001628664 


78817 


615 


37 82 25 


232 608 375 


•001626016 


78888 


616 


- 379456 


...233744896 


'OO1623377 


78958 


617 


38 06 89 


234885113 


•001620746 


79029 


6t8 


381924 


236029032 


•001618123 


79099 


619 


... 383161 


...237176659 


-001615509 


79169 


620 


384400 


238 328 000 


•001612903 


79239 


621 


385641 


239483061 


•001610306 


79309 


622 


... 386884 


...240641848 


.......001607717 


79379 


623 


388129 


241 804 367 


•001605136 


79449 


624 


389376 


242 970 624 


x>oi6o2564 


79518 


625 


... 39^25 


...244140625 


x)oi6ooooo 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


246491883 


•001594896 


79727 


628 


...394384 


...247673152 


-001592357 


79796 


629 


395641 


248 858 189 


•001589825 


79865 


630 


396900 


250 047 000 


•001587302 


79934 


631 


... 39 81 61 


...251239591 


-001584786 


......80003 


632 


39 94 24 


252435968 


•001582278 


80072 


633 


40 06 89 


253636137 


•001579779 


80140 


634 


... 401956 


...254840104 


-001577287 


...*..8o209 


635 


403225 


256047875 


•001574803 


80277 


636 


40 44 96 


257259456 


•001572327 


80346 


637 


... 405769 


...258474853 


^001569859 


......80414 


638 


407044 


259694072 


•001567398 


80482 


639 


408321 


260917 119 


•00156494s 


80550 


640 


40 96 00 


262 144 000 


•001562500 


80618 



23 



No. 


Square. 


Cube. 


Reciprocal 


C Lof . 
80686 


641 


41 08 81 


263374721 


•001560062 


642 


41 »I 64 


264 609 288 


•001557632 


80754 


643 


...413449 


...265847707 


'001555210 


......80821 


644 


41 47 36 


267 089 984 


•001552795 


80889 


645 


41 60 25 


268336125 


•001550388 


80956 


646 


... 41 73 16 


...269586136 


-001547988 


81023 


647 


418609 


270840023 


•001545595 


81090 


648 


419904 


272097792 


•OOI5432IO 


81158 


649 


... 42 12 01 


...273359449 


-001540832 


81224 


650 


42 25 00 


274625000 


•001538462 


8129I 


651 


42 38 01 


275894451 


•001536098 


81358 


652 


... 425104 


...277 167 808 


-001533742 


81425 


653 


42 64 09 


278 445 077 


•OOI531394 


8149I 


654 


427716 


279726 264 


•001529052 


81558 


655 


... 42 90 25 


...281 on 375 


-001526718 


81624 


656 


430336 


282300416 


•001524390 


81690 


657 


43 16 49 


283593393 


•001522070 


81757 


658 


...432964 


...284890312 


-001519757 


81823 


659 


434281 


286 191 179 


•OOI517451 


81889 


660 


435600 


287 496 000 


•OOI515152 


81954 


661 


... 436921 


...288804781 


-001512859 


82020 


662 


43 82 44 


290 117 528 


•OOI510574 


82086 


663 


43 95 69 


291434247 


•001508296 


82151 


664 


... 440896 


...292754944 


•ooi 506024 


82^17 


665 


44 22 25 


294079625 


-001503759 


82282 


666 


443556 


295 408 296 


•OOI5OI502 


82347 


66'j 


...444889 


...296740963 


-001499250 


......82413 


668 


44 62 24 


298077632 


•001497006 


82478 


669 


447561 


299418309 


•001494768 


82543 


670 


...448900 


...300763000 


-001492537 


82607 


671 


450241 


302 111711 


•OOI490313 


82672 


672 


451584 


303 464 448 


•001488095 


82737 


^73 


... 45 29 29 


...304821 217 


•001485884 


82802 


674 


454276 


306 182 024 


•001483680 


82866 


675 


455625 


307546875 


•OOI481481 


82930 


676 


... 456976 


...308915776 


^001479290 


.82995 


677 


45 83 29 


310288733 


•OOI477105 


83059 


678 


459684 


311 665752 


•001474926 


83123 


679 


... 46 10 41 


...313046839 


-001472754 


83187 


680 


46 24 00 


314432000 


•001470588 


83251 


681 


46 37 61 


315821241 


•001468429 


83315 


682 


...465124 


...317 214568 


-001466276 


^83378 


683 


46 64 89 


318 611 987 


-00 1 464 1 29 


83442 


684 


467856 


3200x3504 


-001461988 


83506 


685 


46 92 25 


321 419 125 


•001459854 


83569 



24 



No. 


Square. 


Cube. 


Reciprocal. 


83633 


686 


47 05 96 


3i»2 828 856 


•001457726 


68y 


471969 


324 242 703 


•001455604 


83696 


688 


.- 47 33 44 


...325660672 


-001453488 


83759 


689 


474721. 


327 082 769 


•001451379 


83822 


690 


47 61 00 


328 509 000 


•001449275 


83885 


691 


-.* 477481 


...329939371 


-001447178 


...^.83948 


692 


478864, 


331373888 


^01445087 


84011 


693 


480249 


332812557 


•OOI4430OI 


84073 


694 


,,.481636 


...334255384 


-001440922 


84136 


695 


483025 


335 702 375 


•001438849 


84198 


696 


484416 


337 153 536 


•001436782 


84261 


697 


.-.485809 


...338608873 


-001434720 


84323 


698 


487204 


340 068 392 


•001432665 


84386 


699 


48 86 01 


341532099 


•001430615 


84448 


700 


.,. 490000 


...343000000 


.......001428571 


84510 


701 


491401 


344472 lOI 


•001426534 


84572 


702 


492804 


345 948 408 


•001424501 


84634 


703 


...494209 


...347 428 927 


^001422475 


84696 


704 


495616 


348913664 


•001420455 


84757 


705 


497025 


350 402 625 


•001418440 


84819 


706 


... 498436 


...351 895 816 


-001416431 


84880 


707 


49 98 49 


353393243 


•001414427 


84942 


708 


501264 


354894912 


•001412429 


85003 


709 


... 502681 


...356400829 


-001410437 


85065 


710 


504100 


357 911 000 


•001408451 


85126 


7.11 


505521 


359425431 


'oo 1406470 


85187 


712 


,„ 50 69 44 


...360944128 


-001404494 


85248 


713 


50 83 69 


362 467 097 


•001402525 


85309 


714 


509796 


363994344 


•001400560 


85370 > 


71S 


... 51 12 25 


...365 .'525 875 


-001398601 


85431 


716 


51 26 56 


367 061 696 


•001396648 


85491 


717 


51 40 89 


368 601 813 


•001394700 ■ 


, 85552 i 


718 


... 51 55 24 


...370146232 


-001392758 


85612 , 


719 


51 6961 


371694959 


•001390821 


85673 : 


720 


518400 


373 248 000 


•001388889 


85733 ; 


721 


...51 98 41 


...374805361 


-001386963 


......85794 


722 


521284 


376367048 


-001385043 


85854 


723 


5227 29 


377933067 


•001383126 


859M 


724 


...524176 


...379503424 


001381215 


......85974 


725 


525625 


381 078 125 


•001379310 


86034 


726 


527076 


382657176 


•001377410 


86094 


727 


...528529 


...384240583 


-001375516 


86153 


728 


529984 


385 828 352 


•001373626 


86213 


729 


53 14 41 


387 420 489 


•001371742 


86273 


730 


532900 


389017000 


•001369863 


86332 



25 





Square. 


Cube. 


Reciprocal 


86392 




534361 


390617891 


•001367989 




S3 58 24 


392 223 168 


'oo 1366 120 


86451 




...537289 


...393832837 


001364256 


86510 




538756 


395 446 904 


•001362398 


86570 




540225 


397065375 


•001360544 


86629 




...541696 


...398688256 


001358696 


86688 




543169 


400315553 


•001356852 


86747 




54 46 44 


401 947 272 


•OOI3550I4 


86806 




... 5461 21 


...403583419 


-001353180 


86864 




54 76 00 


405224000 


•OOI351351 


86923 




549081 


406869021 


•001349528 


86982 




...550564 


...408518488 


'001347709 


87040 




552049 


410 172 407 


•001345895 


87099 




553536 


411830784 


-001344086 


87157 




... 555025 


...413493625 


'001342282 


......87216 




556516 


415 160 936 


•001340483 


87274 




558009 


416832723 


•001338688 


87332 




...559504 


...418508992 


-001336898 


87390 


' 


56 10 01 


420189749 


•0013351 13 


87448 


' 


56 25 00 


421875000 


•001333333 


87506 




... 564001 


...423564751 


001331558 


87564 




56 55 04 


425 259 008 


•001329787 


87622 




567009 


426957777 


•001328021 


87679 : 




... 568516 


...428661 064 


'001326260 


87737 




57 00 25 


430368875 


-001324503 


87795 


' 


571536 


432081 216 


-001322751 


87852 ; 




... 573049 


...433798093 


-001321004 


87910 


! 


57 45 64 


435519512 


-001319261 


87967 


1 


576081 


437245479 


•001317523 


88024 1 


> 


... 577600 


...438976000 


001315789 


88081 




57 91 21 


440711081 


•001314060 


88138 : 




58 06 44 


442450728 


•001312336 


88195 : 


► 


... 582169 


...444T94947 


•001310616 


88252 




58 36 96 


445 943 744 


•001308901 


88309 ; 


> 


585225 


447697125 


•001307190 


88366 


1 


...586756 


...449455096 


^001305483 


88V23 




58 82 89 


451 217663 


•001303781 


88480 


1 


58 98 24 


452984832 


•001302083 


88536 


) 


... 591361 


...454756609 


001300390 


88593 


) 


592900 


456533000 


-001298701 


88649 




594441 


458314011 


•001297017 


88705 


J 


...595984 


...460099648 


001295337 


88762 


1 


597529 


461 889917 


•001293661 


88818 


[ 


59 90 76 


463 684 824 


•001291990 


88874 


t 


60 06 25 


465484375 


•001290323 


88930 ' 



No. ^ 


Square. 


Cube. 




CLog. 


776 


6021 76 


467 288 576 


•001288660 


88986 


777 


60 37 29 


469097433 


•00 1 287 00 1 


89042 


778 


... 605284 


...470910952 


-001285347 


89098 


779 


606841 


472729139 


•001283697 


89154 


780 


60 84 00 


474552000 


•001 28205 1 


89209 


781 


... 609961 


...476379541 


•001280410 


......89265 


782 


61 1524 


478 2X1 768 


•001278772 


89321 


783 


613089 


480 048 687 


•001277139 


89376 


784 


... 614656 


...481890304 


-001275510 


......89432 


785 


61 62 25 


483736625 


•001273885 


89487 


786 


61 77 96 


485587656 


•001272265 


89542 


787 


... 619369 


...487443403 


^001270648 


89597 


788 


620944 


489303872 


•001269036 


89653 


789 


622521 


491 169 069 


•001267427 


89708 


790 


... 62 41 00 


...493039000 


'001265823 


89763 


791 


625681 


494913671 


•001264223 


89818 


792 


627264 


496793088 


•001262626 


89873 


793 


...628849 


...498677257 


-001261034 


89927 


794 


630436 


500566184 


•001259446 


89982 


795 


63 20 25 


502459875 


•001257862 


90037 


796 


... 633616 


...504358336 


'001256281 


90091 


797 


63 52 09 


506261573 


•001254705 


90146 


798 


636804 


508169592 


•001253133 


90200 


799 


... 638401 


...510082399 


-001251564 


90255 


800 


640000 


512000000 


•001250000 


90309 


801 


64 1601 


513 922 401 


•001248439 


90363 


802 


... 643204 


...515849608 


-001246883 


90417 


803 


64 48 09 


517 781 627 


•001245330 


90472 


804 


64 64 16 


519718464 


•001 24378 1 


90526 


805 


... 648025 


...521 660 125 


^001242236 


......90580 


806 


64 9^ 36 


523606616 


•001240695 


90634 


807 


651249 


525557943 


•001239157 


90687 


808 


... 65 28 64 


...527 514 112 


^001237624 


90741 


809 


654481 


529475129 


•001236094 


907 95 


810 


65 61 00 


531 441 000 


•001234568 


90849 


811 


... 657721 


-533411731 


^001233046 


90902 


812 


65 93 44 


535387328 


•001231527 


90956 


813 


66 09 69 


537 367 797 


•001 23001 2 


91009 


814 


... 662596 


-539353144 


'001228501 


91062 


815 


66 42 25 


541 343 375 


•001226994 


91116 


816 


665856 


543 338 496 


•001225490 


91169 


817 


... 667489 


-545338513 


-001223990 


91223 


818 


66 91 24 


547 343 432 


•001222494 


91275 


819 


67 07 61 


549353259 


•001221001 


91328 


820 


67 24 00 


551368000 


•001219512 


91381 



27 



No. 


Sqtiare. 


Cube. 


Reciprocal. 


CLog. 


821 


67 40 41 


553387661 


•001 2 18027 


91434 


82a 


675684 


555412248 


•OOI216545 


91487 


823 


...677329 


...557441767 


•OOI215067 


9Tt540 


824 


678976 


559476224 


•OOI213592 


91593 


825 


68 06 25 


561 515 625 


'OOI2I2I2I 


91645 


826 


... 682276 


•..563559976 


'001210654 


91698 


tn 


68 39 29 


565 609 283 


'001209190 


9175^ 


828 


685584 


567663552 


•001207729 


91803 


829 


... 687241 


...569722789 


'001206273 


91855 


830 


68 89 00 


571787000 


•00 1 2048 1 9 


91908 


831 


690561 


573856191 


•001203369 


91960 


832 


... 6922 24 


...575930368 


'OOI2OI923 


......92012 


833 


693889 


578009537 


•001200480 


92065 


834 


695556 


580093704 


•OOII9904I 


92117 


835 


... 697225 


...582182875 


-001197605 


92169 


836 


69 88 96 


584277056 


•OOII96172 


92221 


t^i 


70 05 69 


586376253 


-001 194743 


92273 


838 


... 702244 


...588480472 


-001193317 


92324 


839 


703921 


590589719 


•OOII91895 


92376 


840 


70 56 00 


592704000 


'oo 1 190476 


92428 


841 


... 707281 


...594823321 


•OOII8906I 


92480 


842 


70 89 64 


596 947 638 


•001 187648 


92531 


843 


710649 


599077107 


'001 186240 


92583 


844 


... 712336 


...601 211 584 


-001184834 


92634 


^5 


714025 


603351 125 


•001 183432 


92686 


846 


7157 16 


605495736 


•001 182033 


92737 


847 


... 717409 


...607645423 


'001180638 


92788 


848 


71 91 04 


609800 192 


•001 179245 


92840 


849 


7a 08 01 


61 1 960049 


•001 177856 


92891 


850 


... 722500 


...614 125000 


.'001176471 


92942 


851 


724201 


616 295 051 


•001 175088 


92993 


852 


725904 


618470208 


'ooi 173709 


93044 


853 


... 727609 


...620650477 


'001172333 


93095 


854 


729316 


622 835 864 


'OOI 170960 


93M6 


855 


731025 


625026375 


'OOII6959I 


93197 


856 


..• 732736 


...627^22016 


'OOII68224 


93247 


857 


7344 49 


629422793 


'OOI 1 6686 1 


93298 


858 


736164 


631 628712 


'001165501 


93349 


859 


...737881 


...633839779 


'001164144 


93399 


860 


739600 


636 056 000 


'001162791 


93450 


861 


74 13 21 


638 277 381 


'001161440 


93500 


862 


... 743044 


...640503928 


'001160093 


93551 


863 


744769 


642 735 647 


•OOI 158749 


93601 


864 


746496 


644972544 


'OOI 157407 


93651 


865 


748225 


647 214625 


•OOI 156069 


[ ^-hv^-^ \ 



28 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


866 


749956 


649461 896 


•OOII54734 . 


93752 


867 


751689 


651 714 363 


•OOII53403 


93802 


868 


...753424 


...653972032 


-001152074 


93852 


869 


75 51 61 


656 234 909 


•001 150748 


93902 


870 


75 69 00 


658 503 000 


•OOII49425 


93952 


871 


... 758641 


...660776 311 


-001148106 


94002 


872 


760384 


663054848 


•001 146789 


94052 


873 


7621 29 


665338617 


•001 145475 


94IOI 


874 


...763876 


...667627 624 


-001144165 


9415I 


875 


765625 


669921 875 


•001 142857 


94201 


876 


767376 


672 221 376 


•OOII41553 


94250 


877 


... 7691 29 


...674526133 


-001X40251 


94300 


878 


770884 


676836152 


-001 138953 


94349 


879 


772641 


679151439 


-00 II 37 656 


94399 


880 


... 77 44 00 


...681 472000 


-001136364 


94448 


881 


7761 61 


683797841 


-001 135074 


94498 


882 


777924 


686128968 


-00113378J 


94547 


883 


...779689 


...688465387 


-001132503 


94596 


884 


781456 


690 807 104 


•001131222 


94645 


885 


783225 


693 154 125 


-001 129944 


94694 


886 


...784996 


...695506456 


-001128668 


94743 


887 


78 67 69 


697 864 103 


-001 127396 


94792 


888 


788544 


700227072 


-001126126 


. 94841 


889 


... 790321 


...702595369 


-0011248^9 


94890 


890 


792100 


704 969 000 


•001 1 23596 


94939 


891 


793881 


707347971 


•001 122334 


94988 


892 


...795664 


...709732288 


-001121076 


95036 


893 


79 74 49 


712 121 957 


-001 II 982 1 


95085 


894 


799236 


714516984 


-001118568 


95134 


895 


... 801025 


...716 917 375 


-001117318 


95182 


896 


80 28 16 


719323 136 


•001116071 


95231 


897 


80 46 09 


721 734 273 


•001 1 14827 


95279 


898 


... 806404 


...724150792 


......001113586 


95328 


899 


808201 


726572699 


•001 112347 


95376 


900 


81 0000 


729000000 


-OOIIIIIII 


95424 


901 


... 81 1801 


-.731432701 


...... -001109878 


95472 


902 


813604 


733870808 


-001 108647 


95521 


903 


815409 


736314327 


•001 107420 


95569 


904 


... 81 72 16 


-.738763264 


-001 106 1 95 


95617 


905 


819025 


741 217 625 


-001 104972 


95665 


906 


82 08 36 


743677416 


•001 103753 


95713 


907 


... 822649 


...74614264a 


-001102536 


95761 


908 


82 44 64 


748 613 312 


-001101322 


95809 


909 


826281 


751 089 429 


-OOIIOOIIO 


95856 


910 


82 81 00 


753571000 


-00 1 09890 1 


95904 



29 



No. 


Square. 


Cube. 


RedprocaL 


CLog. 


911 


82 9921 


756058031 


•001097695 


95952 


912 


83 17 44 


758550528 


'OOIO9649I 


95999 


913 


...833569 


...761048497 


-001095290 


96047 


914 


835396 


763551944 


-001094092 


96095 


915 


837225 


766060875 


'oo 1092896 


96142 


916 


...839056 


...768575296 


-001091703 


96190 


917 


84 08 89 


771 095 213 


•001090513 


96237 


918 


84 27 24 


773620632 


•001089325 


96284 


919 


... 844561 


• -776151559 


-001088139 


96332 


920 


84 64 00 


778688000 


•001086957 


96379 


921 


848241 


781 229961 


•001085776 


96426 


922 


\.. 850084 


...783777448 


-001084599 


96473 


9^3 


851929 


786330467 


•001083424 


96520 


924 


853776 


788889024 


-OOI08225I 


96567 


9^5 


...855625 


...791 453 125 


'001081081 


96614 


926 


857476 


794022776 


•OOIO799I4 


96661 


927 


859329 


796 597 983 


•001078749 


96708 


928 


... 86 II 84 


...799178752 


-001077586 


96755 


929 


863041 
86 49 00 


801765089 


'oo 1 07 64 26 


96802 


930 


804 357 000 


•001075269 


96848 


931 


... 866761 


...806954491 


-OOI074II4 


96895 


932 


86 86 24 


809557568 


'OOI07296I 


96942 


933 


87 04 89 


812 166237 


•00107 181 1 


96988 


934 


...872356 


...814 780 504 


^001070664 


97035 


935 


87 42 25 


817400375 


•0010695 1 9 


97081 


936 


87 60 96 


820025856 


•001068376 


97128 


937 


...877969 


...822656953 


^001067236 


97174 


938 


879844 


825293672 


•001066098 


97220 


939 


88 17 21 


827936019 


•001064963 


9726; 


940 


... 883600 


...830584000 


-001063830 


......97313 


941 


885481 


833237621 


-001062699 


97359 


942 


887364 


835896888 


•001061571 


97405 


943 


... 889249 


...838561807 


-001060445 


97451 


944 


89 II 36 


841232384 


-001059322 


97497 


945 


893025 


843 908 625 


•00 1 058 20 1 


97543 


946 


... 8949 16 


...846590536 


^001057082 


......97589 


947 


89 68 09 


849278123 


•001055966 


97635 


948 


89 87 04 


851 971 392 


•001054852 


97681 


949 


... 900601 


...854670349 


-001053741 


97727 


950 


90 25 00 


857375000 


•001052632 


97772 


951 


904401 


860085351 


•001051525 


97818 


95^ 


... 906304 


...862801408 


^001050420 


.97864 


953 


908209 


865523177 


•001049318 


97909 


954 


91 01 16 


868 250 664 


•00 10482 1 8 


97955 


955 


91 20 25 


870983875 


•001047 1 20 


98000 
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No. 


Sqtiare. 


Cube 


ReciprocaL 


C. Log. 


956 


91 39 36 


873722816 


•001046025 


98046 


957 


91 58 49 


876467493 


*ooi044932 


9809X 


958 


... 917764 


.,.879317 912 


-001043841 


98137 


959 


91 9681 


881974079 


•00T042753 


98182 


960 


92 1600 


884736000 


•001041667 


98227 


961 


...923521 


...887503681 


-001040583 


98272 


' 962 


92 54 44 


890277 128 


•001039501 


98318 


963 


927369 


893056347 


•001038422 


98363 


964 


... 92 92 96 


...895841344 


-001037344 


98408 


965 


931225 


898632125 


•001036269 


98453 


966 


93 31 56 


901 428696 


•001035197 


98498 


'967 


... 939089 


...904231063 


•001034126 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909853209 


•00103 1992 


98632 


' 970 


... 940900 


...912673000 


-00T030928 


98677 


: 971 


94 28 41 


915 498 611 


•00T029866 


98722 


972 


944784 


918330048 


•001028807 


98767 


973 


... 94 67 29 


...921 167 317 


-001027749 


988XX 


974 


94 86 76 


924010424 


-001026694 


98856 


975 


95 06 25 


926859375 


x>oio2564i 


98900 


976 


... 952576 


...929714 176 


-001024590 


98945 


977 


95 45 29 


932574833 


•001023541 


98989 


978 


95 64 84 


935441352 


•001022495 


99034 


979 


... 958441 


...9383^3739 


-001021450 


99078 


980 


96 04 00 


941 192000 


-001020408 


99123 


981 


962361 


944 076 141 


•001019368 


99x67 


982 


... 964324 


,..946966 168 


-001018330 


992x1 


983 


g6 62 89 


949 862 087 


-001017294 


99255 


984 


g6 82 56 


952 763 904 


•001016260 


99300 


985 


... 97 02 25 


...955671625 


-001015228 


99344 


986 


97 21 96 


958585256 


•001014199 


99388 


987 


97 41 ^9 


961 504 803 


•001013171 


99432 


988 


... 97 61 44 


...964430272 


-00x012146 


-99476 


989 


9781 21 


967 361 669 


-OOIOIII22 


99520 


990 


98 01 00 


970299000 


•OOIOIOIOI 


99564 


991 


... 982081 


...973242271 


"00X009082 


99607 


992 


98 40 64 


976 191 488 


•001008065 


99651 


993 


98 60 49 


979146657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


'oo 1006036 


99739 


995 


99 00 25 


985074875 


•00X005025 


99782 


996 


99 20 16 


988 047 936 


'OO 1 0040 1 6 


99826 


997 


... 99 4009 


• ..991026973 


-001003009 


-99870 


998 


99 60 04 


994 Oil 992 


-00x002004 


99913 


. 999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 


...100 00 00 


...1000 000 000 


'OOIOOOOOO 


00000 
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Table 1 a.— Approximate Squabs and Cube Roots and 
Becipbogals of Pbime Numbebs fbom 2 TO 97. 

Ko, Square Root Cube Root. Reciprocal 

2 1*4142136 1*2599210 0*500000000 

3 1*7320508 1*4422496 '333333333 

5 2*2360680 . 1*7099759 '200000000 

7 2*6457513 19129312 '142857143 

II 3*3166248 2*2239801 "090909091 

13 36055513 2*3513347 -076923077 

17 4*1231056 2*5712816 -058823529 

^9 4*3588989 2*6684016 '052631579 

23 4795831^5 2*8438670 -043478261 

29 5*385^<548 3'ol2si6S '034482759 

3^ S'5^77^44 3*1413806 -032258065 

37 6*0827625 3*3322218 -027027027 

41 6*4031242 3*4482172 -024390244 

43 6*5574385 3'503398i -023255814 

47 6*8556546 3*6088261 '021276600 

53 7*2801099 37562858 -018867925 

59 7-6811457 38929965 -016949153 

61 7*8102497 3*9364972 "016393443 



67 


8-1853528 


4-0615480 


•014925373 


71 


8*4261498 


4-1408178 


•014084507 


73 .-. 


... 8*5440037 ... 


-. 4*1793392 ... 


•013698630 


79 


8*8881944 


4*2908404 


•012658228 


83 


9-1104336 


4*3620707 


•012048193 


89 ... 


... 9'43398n ... 


... 4-4647451 ... 


... -011235955 


93 


9*6436508 


4*5306549 


-010752688 


97 


9*8488578 


45947009 


•010309278 
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TABLE OF SQUARES 


AND PIPTH POWEBS. 




Square. 


Fifth Power. 




Sqnanu 


Fifth Power. 


lb 


100 


I 00000 


55 


3025 


503284375 


11 


I 21 


I 61051 


56 


3136 


5507 31776 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 69 


371293 


58 


3364 


656356768 


14 


I g6 


5 37824 


59 


3481 


714924299 


15 


225 


7 59375 


60 


3600 


7776 00000 


i6 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


i8 


324 


18 89568 


63 


3969 


9924 36543 


19 


361 


24 76099 


64 


4096 


10737 4^824 


20 


400 


32 00000 


6B 


4225 


1 1602 90625 


21 


441 


4084101 


66 


4356 


1252332576 


22 


484 


51 53632 


67 


4489 


I350I 25107 


23 


529 


6436343 


68 


4624 


14539 33568 


24 


576 


7962624 


69 


4761 


15640 31349 


25 


625 


9765625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 11T49 


74 


5476 


2219006624 


30 


900 


24300000 


75 


5625 


2373046875 


31 


961 


286 29151 


76 


5776 


25355 25376 


32 


1024 


335 54432 


77 


5929 


27067 84157 


33 


1089 


39135393 


78 


6084 


28871 74368 


34 


1156 


454 35424 


79 


6241 


30770 56399 


35 


1225 


52521875 


80 


6400 


32768 00000 


36 


1296 


60466176 


81 


6561 


34867 84401 


37 


1369 


69343957 


82 


6724 


37073 98439 


38 


1444 


79235168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


4182I 19424 


40 


1600 


1024 00000 


85 


7225 


4437053^25 


41 


16 81 


1158 56201 


86 


7396 


47042 70176 


42 


1764 


130691232 


87 


7569 


49842 09207 


43 


1849 


147008443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


5584059449 


45 


2025 


1845 28125 


90 


8ioo 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 2 1451 


47 


2209 


229345007 


92 


8464 


65908 15232 


48 


2304 


254803968 


93 


8649 


69568 83693 


49 


2401 


282475249 


94 


8836 


73390 40224 


50 


2500 


3125 00000 


96 


9025 


7737809375 


51 


2601 


345025251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


97 


9409 


8587340257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


54 


29 16 


4591 65024 


99 


9801 ' 


95099 00499 
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Tablb 2 a.— Pjeume Factobs of Numbers up to 256. 
(Numbers without Factors are tliemselyes Prime.) 



3 




42 = 


= 2 •37 


8i: 


= 3-41 


3 




43 




83 




4 = 


= 2» 


44 


22-11 


84 


2*-37 


5 




45 


S^S 


85 


5-17 


6 


3-3 


46 


2-23 


86 


243 


7 




47 




87 


329 


8 


2» 


48 


2*3 


88 


2»-II 


9 


3» 


49 


»\ 


89 




lo 


25 


50 


2-5« 


90 


2-32-5 


II 




51 


3-17 


91 


7-t3 


13 


2«-3 


52 


32.13 


93 


2*-23 


13 




S3 




93 


331 


14 


27 


54 


2-3» 


94 


2-47 


IS 


35 


55 


5" 


95 


5»9 


l6 


3* 


56 


2»-7 


96 


26.3 


I? 




57 


319 


97 




i8 


2-3« 


58 


2*29 


98 


27« 


19 




59 




99 


3*11 


20 


2«-5 


60 


223-5 


100 


22-52 


21 


37 


61 




lOI 




23 


3'II 


62 


2-31 


103 


2-317 


23 




63 


3 7 


103 




24 


28-3 


64 


28 


104 


2*-i3 


25 


5^ 


tfs 


513 


105 


3-57 


26 


2-13 


66 


3-3TI 


106 


2-53 


27 


3» 


67 




107 




38 


3«-7 


68 


22-17 


108 


2«.3S 


29 




69 


323 


109 




30 


2-3-5 


70 


2-57 


110 


2-511 


3JI 




71 




III 


337 


32 


35 


72 


28-3« 


112 


2*-7 


33 


311 


73 




"3 




34 


217 


74 


2-37 


114 


2-3-19 


35 


5'7. 


75 


3-5* 


"5 


5-23 


36 


28.32 


76 


22-19 


116 


22-29 


37 




77 


711 


117 


3''i3 


38, 


3-19 


78 


3.3.13 


118 


2-59 


39 


3-13 


79 




119 


7-17 


40 


3»-5 


80 


2«-5 


120 


28.3.5 


41 




81 


3* 

D 


131 


Il2 
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122 = 


= 2'6l 


167 




212 = 


= 22-53 


123 


3-41 


168 = 


= 28-37 


213 


371 


124 


32.31 


169 


13* 


214 


2-107 


125 


5» 


170 


2-5-17 


215 


5 43 


126 


2.32.7 


171 


32.19 


216 


23.33 


127 




172 


22.43 


217 


731 


128 


27 


173 




218 


2-109 


129 


343 


174 


23-29 


219 


373 


130 


2-5I3 


175 


5*7 


220 


22-5-1 1 


131 




176 


2*- 11 


221 


1317 


132 


2«-3-II 


177 


3-59 


222 


2 •3-37 


133 


719 


178 


289 


223 




134 


3-67 


179 




224 


2^7 


135 


3»5 


180 


22-32-5 


225 


3^-52 


136 


28.17 


181 




226 


2-113 


137 




182 


27-13 


227 




138 


2-3-23 


183 


3-61 


228 


22-3-19 


139 




184 


28-23 


229 




140 


22-57 


185 


5*37 


230 


25-23 


141 


347 


186 


2-3-3T 


231 


37-11 


143 


2-71 


187 


11-17 


232 


23-29 


M3 


^IV 


188 


22-47 


233 




144 


34.32 


189 


3^7 


234 


2.32.13 


145 


5-39 


190 


2-5I9 


235 


5*47 


146 


273 


191 




236 


22-59 


147 


37^ 


192 


2«-3 


237 


379 


148 


22.37 


193 




238 


27-17 


149 




194 


2-97 


239 




150 


2-3-5^ 


195 


K^V 


240 


2*-3-5 


151 




196 


2272 


241 




152 


2^19 


197 




242 


2-1x2 


153 


3^17 


198 


2-32-11 


243 


K 


154 


2-7-II 


199 




244 


22-61 


155 


5-31 


200 


2S.^2 


245 


57* 


156 


22.313 


201 


3<>7 


246 


2-341 


157 




202 


2-IOI 


247 


13-19 


158 


279 


203 


7-29 


248 


23-391 


159 


353 


204 


22-3-17 


249 


383 


160 


25-5 


205 


5-41 


250 


2-53 


161 


7-23 


206 


2-103 


251 




162 


23* 


207 


3*'23 


252 


22.32.7 


163 




208 


2*-i3 


253 


11-23 


164 


22-41 


209 


11-19 


254 


2-127 


165 


3-5II 


210 


2-3-57 


255 


3-5I7 


166 


2-83 


211 




256 


28. 
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Tables 3 and 3 a— Hyperbolic, Naperian, or 
Natural Logarithms. 

1. Table 3 gives the hyperbolic logarithms of integer nnmbers 
from 1 to 100. To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
Rignificant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 a). For example, to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 37, 3-61092 

2 X Hyp. log. 10, 4-60517 

Hyp. log. 3700, 8-21609 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
from the second column of Table 3 A. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperbolic logarithms. For example. 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, ....8-21009 

3. To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fraction is gi-eater or less than 1. For example. 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + 1- 30833 

Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-9077 6 

Hyp. log. 0-037, - 3 29684 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negativa 

4. Examples of the use of Table 3 a. 

L To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*57634, common logarithm. 

2- 4-605170 

5 M51293 

7 161181 

6 13816 

3 691 

4 92 

Sum, 5-932243 

The required hyperbolic logarithm is thus found to be 5-93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper^ 
bolic logarithm ^-93224; 

5- 2-171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient, two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of «^. 

q Vl7 = '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 X 2 = -0187416 

Cube, 0000009x1 = -0000006 
o __^ 

377 
Hyp. log, of 5^, correct to the seventh place of decimals, -0187422 

NoTR — This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. Por example, to find the 
hyperbolic logarithm of 377, we have 
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From the tables l^yP-^^S- ^^' ^'^^^^^ 

±romtiietabies,|j^^ j^g^ 10, 2'30258 

hyp. log. 370, 5-91350 

377 
Hyp. log. ^=^, already calculated, 0*01874 

Hyp. log. 377, 5-93224 

6. To find the antiloga/ritkm (or natural number) corresponding 
tx> a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables ; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degi*ee of accuracy; 

First term r= 1. 

Second term := The given hyp. log. 

Third term r= second term X ffl^^'^ TP- ^g- . 

J 

Fourth term = thi«i term ^ S^^HJ^EiM ; 

Fifth term ■= fourth term xi^I^B-^yPlM-; 
and so on« 

The accuracy of this process is the greater the smaller the given 
Lyperbolic logarithm. 

Example. — To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperbolic logarithm is 1) to 
fieven places of decimals; 

1st term, lOOOOOOO 



2d „ 


. •« ■ 




...1-0000000 


3d „ 


= 


2d X i 


0-5000000 


4th „ 


= 


3d X i 


0-1666667 


5th „ 


= 


4th X i 


00416667 


6th „ 


= 


5th X i 


00083333 


7th „ 


= 


6th X i 


0-0013889 


8th „ 


= 


7th X f 


00001984 


9th „ 


= 


8th X i 


00000248 


iOth „ 


= 


9th X ^ 


0-0000027 


Ith „ 


= 


10th X A 


0-0000003 



Hyperbolic antilogarithm of 1 = 2-7182818 

This number is called the hose of t^ Na/perum LogojrUkma, and 
dciiote4 in algebra by the symbol « or & 
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Tabus 3. — Htperbolic Logabithms. 



No. 


Hyp. Log. 


Na 


Hyp. Log. 


Na 


Hyp. Log. 


Na 


HypiLoj^ 


I 


o-ooooo 


26 


3-25810 


51 


3*93183 


76 


433073 


2 


0*69315 


27 


329584 


52 


3-95^24 


77 


4*34381 


3 


I -09861 


28 


333220 


53 


397029 


78 


4*3567^ 


4 


1-38629 


29 


336730 


54 


3*9«898 


79 


4*36945 


5 


1-60944 


30 


3*40120 


55 


4*00733 


80 


4*38203 


6 


I-79176 


31 


343399 


56 


402535 


81 


4*39445 


7 


1-94591 


32 


346574 


57 


4-04305 


82 


440672 


8 


2-07944 


33 


349651 


58 


406044 


83 


4-41884 


9 


219722 


34 


3*52636 


59 


407754 


84 


4*43082 


lO 


2-30259 


35 


355535 


60 


4*09434 


85 


444265 


II 


2-39790 


36 


358352 


61 


4-1 1087 


86 


4*45435 


12 


2-48491 


37 


3-61092 


62 


4*12713 


87 


4-46591 


13 


2-56495 


38 


363759 


63 


4*14313 


88 


4*47734 


14 


2-63906 


39 


3*66356 


64 


4-15888 


89 


4-48864 


^5 


2-70805 


40 


3*68888 


65 


4*17439 


90 


4-49981 


i6 


2-77259 


41 


3*71357 


66 


4-18965 


,91 


4-51086 


17 


2-83321 


42 


373767 . 


67 


4-20469 


92 


452179 


i8 


2*89037 


43 


3-76120 


68 


4-21951 


93 


4*53260 


^9 


2-94444 


44 


3*78419 


69 


4-23411 


94 


4*54329 


20 


2*99573 


45 


3-80666 


70 


4*24850 


95 


4*55388 


21 


304452 


46 


3*82864 


71 


4-26268 


96 


4*56435 


22 


3-09104 


47 


3*85015 


72 


4-27667 


97 


4*57471 


23 


313549 


48 


3*87120 


73 


4*29046 


98 


4*58497 


24 


3-17805 


49 


3-89182 


74 


4*30407 


99 


4*59512 


25 


3-21888 


50 


3-91202 


75 


4*3^749 


100 


4*60517 


B 


[yp. log. 10, 


correct to eight i 


places 


of decimals^ 


= 2-30258509. 



Table 3 a. — Multipliers foe Converting LooARiTHMa 





HyperboUc into ( 


DoimnoD. 


I 2-302585 

2 4*605170 

3 6*907755 

4 9210340 


0-434294 
0868589 
1-302883 
I-737178 


I 

2 

3 

4 


5 11-5^2925 

6 13815510 

7 16*118096 

8 18*420681 

9 20*723266 


2-171472 
2-605767 
3040061 
3*474356 
3-908650 


5 

6 

7 
8 

9 


10 23*025851 


4*342945 


10 
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Table 4. — Multipliers fob the Conversion of Circulab 
Lengths and Arear 





A.— Cironmferencos 






1 D.-Radins-Lengths 




into 


into 


into 


into 






Diameters. 


Circumferences. 


Radius-Lengths. 






T 


31416 


O-3183I 


6-2832 


O-15916 


I 


2 


62832 


0-63662 


12-5664 


0-3x831 


2 


3 


9-4248 


095493 


18-8496 


0-47747 


3 


4 


12-5664 


1-27324 


251327 


0*63662 


4 


5 


157080 


1-59155 


31-4159 


079578 


5 


6 


18-8496 


1-90986 


37-6991 


0-95493 


6 


1 


21-9911 


2-22817 


43-9823 


1-11409 


7 


8 


251327 


2-54648 


502655 


1-27324 


8 


9 


28-2743 


2-86479 


565487 


1-43240 


9 


lO 


31-4159 


318310 


62-8319 


1-59155 


10 




E.— Circular Areks F.— Square Areaa 




H.~BadinB-Lengfh8 






into 


into 


into 


into 






Square Aieaa 


Circular Areas. 


Radius-Lengths. 


Degrees. 




I 


07854 


1-2732 


0-0x74533 


57-2958 


I 


2 


I-570B 


25465 


0-0349066 


1x4-59x6 


2 


3 


2-3562 


3-8197 


00523599 


171-8873 


3 


4 


3-1416 


5-0930 


0-0698132 


229-X83X 


4 


5 


3-9270 


6-3662 


0-0872665 


286-4789 


5 


6 


4-7124 


76394 


O-IO47197 


343-7747 


6 


7 


54978 


8-9127 


0-X22I730 


4OX-0705 


7 


8 


62832 


10-1859 


0-1396263 


458-3662 


8 


9 


7-0686 


11-4592 


0-1570796 


5x5-6620 


9 


lO 


7*8540 


12-7324 


0-17453^9 


5729578 


10 




L-]finuteB K 


.^BadiuB-Lengths 


L—Seoonda 


H— Radins-LengCbB 




into 


into 


into 


into 






RadiuB-LengthB. 


Minutea 


Radius-Lengths. 






I 


0-000291 


343775 


0-000005 


206265 


I 


2 


0-000582 


687550 


0-0000x0 


412530 


2 


3 


0-000873 


10313-24 


0-0000x5 


618794 


3 


4 


O-OOI164 


13750-99 


0-0000x9 


825059 


4 


5 


0001454 


17x88-74 


0-000024 


103x324 


5 


6 


0-001745 


20626-48 


0-000029 


1237589 


6 


7 


0-002036 


2406423 


0-000034 


1443854 


7 


8 


0-002327 


2750197 


0-000039 


165OXX8 


8 


9 


0*002618 


30939-72 


0-000044 - 


1856383 


9 


ID 


0-002909 


34377-47 


0-000048 


2062648 


10 


20 


0-0058x8 




0-000097 




20 


30 


0-008727 




0-000x45 




30 


40 


0-011636 




0-000x94 




40 


50 


0-014544 




0-000243 




50 



.40 numbers and figures. , 

Examples of the Use of Table 4. 

I. What is the circumference of a circle whose diameter is 113 
inches 1 From division A of the table, we have the following:— 

100 314-16 

10 31416 

3 94248 

113 Sum, 3550008 

The answer is 35 J inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the i*adius of a circle whose circumference is 710 
inches? From division B of the table, we have the following: — 

700 111409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

III. What is the area in square inches of a circle of 8 inches 
diameter? Square of 8 = 64=;ai*ea in circular inclies. Then, by 
division E of the table, 

60 47-124 

4 3-1416 

Area in aquare inches {to five figures only), 50*266 

TV. What is the diameter of a circle whose area is 5027 square 
inches? From division F of the table we have 

5000 6366-2 

20 25-465 

7 8-9127 

Area in ctrcuUvr inches {fo five fi^fures only), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calculation) is 80*004, being the diameter required in inches, correct 
to five places of figures. 
Y. How many radius-lengths are there in an arc of 57° 17' 45"? 

Badiiis-Length& 

From division G, 50° 0-872665 

— — r 0-122173 

— — I, 10' 0-002909 

— — T 0-002036 

— — L, 40" 0-000194 

— — 5" 0*000024 

Total, 57° 17' 45" ..1*000001 

or almost exactly one radius-length. 
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"VT. How many minutes are there in the arc which is one- 
eightieth (or 0*0125) of a radius-length? By division K we have 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Ansioer; 
or 42' 58" neai-ly. 



tlZPLANATION OP TaBLE 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squares of their 
diameters. 



Table 5. — Circumferences and 


Akeas of Ciscles. 


Diam. 


Circum. 


Area. 


Diam. 


Circnra. 


Area. 


lOI 


317-30 


8012 


146 


458-67 


16742 


I02 


32044 


8171 


147 


461-81 


16972 


103 


32358 


8332 


148 


46496 


17203 


104 


32673 


8495 


149 


468-10 


17437 


105 


32987 


8659 


150 


471-24 


1767I 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


477-52 


18146 


108 


33929 


9161 


153 


48066 


18385 


109 


34243 


9331 


154 


483-81 


18627 


IIO 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


490-09 


I9II3 


112 


351-86 


9852 


157 


493-23 


19359 


113 


355-00 


10029 


158 


496-37 


19607 


114 


358*14 


10207 


159 


499-51 


19856 


115 


361-28 


10387 


160 


50265 


20106 


116 


36442 


10568 


161 


505-80 


20358 


117 


367-57 


IO75I 


162 


508-94 


20612 


T18 


37071 


10936 


163 


512*08 


20867 


119 


37385 


III22 


164 


515-22 


2II24 


120 


37699 


II3IO 


165 


518-36 


21382 


121 


38013 


II499 


166 


521-50 


21642 


122 


383-27 


1 1690 


167 


52465 


21904 


123 


386-42 


II882 


168 


527-79 


22167 


124 


389-56 


12076 


169 


530-93 


22432 


125 


392-70 


12272 


170 


534-07 


22698 


126 


39584 


12469 


171 


53721 


22966 


127 


39898 


12668 


17a 


54035 


23235 


128 


402-12 


12868 


173 


54350 


23506 


129 


405-27 


13070 


174 


546-64 


23779 


130 


40841 


13273 


175 


549-78 


24053 


131 


411-55 


13478 


176 


552-92 


24329 


132 


414-69 


13685 


177 


556-06 


24606 


133 


417-83 


13893 


178 


559'2o 


24885 


134 


420-97 


I4IO3 


179 


562-35 


25165 


135 


424-12 


I43U 


180 


565-49 


25447 


136 


427-26 


14527 


181 


56863 


25730 


137 


430-40 


14741 


182 


57177 


26016 


138 


433-54 


14957 


183 


574-91 


26302 


139 


43668 


15175 


184 


57805 


26590 


T40 


43982 


15394 


185 


581-19 


26880 


141 


442-96 


15615 


186 


584-34 


27172 


142 


446-11 


15837 


187 


587-48 


27465 


143 


44925 


1 606 1 


188 


590-62 


27759 


144 


45239 


16286 


189 


59376 


28055 


145 


455*53 


16513 


190 


596-90 


28353 



43 





Circum. 


Area, 


Diam. 


Circum. 


Area. 




600-04 


28652 


236 


741-42 


43744 




60319 


28953 


237 


74456 


44115 




60633 


29255 


238 


74770 


44488 




60947 


29559 


239 


75084 


44863 




6i2-6i 


29865 


240 


75398 


45239 




61575 


30172 


241 


757-12 


45617 




61889 


30481 


242 


760-27 


45996 




62204 


30791 


243 


763-41 


46377 




62518 


31103 


244 


766-55 


46759 




62832 


31416 


245 


76969 


47144 




631-46 


31731 


246 


772-83 


47529 




634-60 


32047 


247 


77597 


47916 




63774 


32365 


248 


779-12 


48305 




64089 


32685 


249 


782*26 


48695 




64403 


33006 


250 


785-40 


49087 




64717 


33329 


251 


788-54 


49481 




650-31 


33654 


252 


791-68 


49876 




65345 


33979 


253 


794-82 


50273 




65659 


34307 


254 


797-96 


50671 




65973 


34636 


255 


80111 


51071 




662-88 


34967 


256 


804-25 


51472 




666-02 


35299 


257 


80739 


51875 




669*16 


35633 


258 


81053 


52279 




672-30 


35968 


259 


813-67 


52685 




67544 


36305 


260 


8i6-8i 


53093 




67858 


36644 


261 


81996 


53502 




681-73 


36984 


262 


823-10 


53913 




684-87 


37325 


263 


826-24 


54325 




688-01 


37668 


264 


829-38 


54739 




691*15 


38013 


265 


83252 


55155 




694-29 


38360 


266 


835-66 


55572 




69743 


38708 


267 


838-81 


55990 




700-58 


39057 


268 


841-95 


56410 




703-72 


39408 


269 


84509 


56832 


, 


706-86 


39761 


270 


848-23 


57256 


• 


71000 


40115 


271 


85137 


57680 




71314 


40471 


272 


854-51 


58107 


t 


716-28 


40828 


273 


857-66 


58535 


) 


719-42 


41187 


274 


860-80 


58965 


> 


722-57 


41548 


275 


863-94 


59396 




72571 


41910 


276 


867-08 


59828 


i 


728-85 


42273 


277 


870-22 


60263 


\ 


731-99 


42638 


278 


873-36 


60699 


^ 


73513 


43005 


279 


876-50 


61136 


5 


738-27 


43374 


280 


87965 


61575 ^ 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Am. ] 


281 


88279 


62016 


326 


1024-16 


83469 


282 


885-93 


62458 


327 


1027-30 


83982 


283 


889-07 


62902 


328 


1030-44 


84496 


284 


892-21 


63347 


329 


1033*58 


85012 


285 


89535 


63794 


330 


1036-73 


85530 


286 


89850 


64242 


331 


1039*87 


86049 


287 


901*64 


64692 


332 


1043-01 


86570 


288 


904-78 


65144 


333 


1046-15 


87092 


289 


907-92 


65597 


334 


1049*29 


87616 


290 


91 1 06 


66052 


335 


1052-43 


8814I 


291 


914-20 


66508 


336 


1055*58 


88668 


292 


9^7*35 


66^66 


337 


1058-72 


89197 


293 


92049 


67426 


338 


106 1 -86 


89727 


294 


92363 


67887 


339 


1065-00 


90259 


295 


92677 


68349 


340 


1068-14 


90792 


296 


929-91 


68813 


341 


1071*28 


91327 


297 


93305 


69279 


342 


1074-42 


91863 


298 


936-19 


69747 


343 


1077*57 


92401 


299 


939*34 


70215 


344 


1080*71 


92941 


300 


942-48 


70686 


345 


1083*85 


93482 


301 


945-62 


71158 


346 


1086*99 


94025 


302 


94876 


71631 


347 


1090*13 


94569 


303 


951-90 


72107 


348 


1093*27 


95"5 


304 


95504 


72583 


349 


1096*42 


95662 


305 


958-19 


73062 


350 


1099-56 


96211 


306 


961-33 


73542 


35^ 


1102-70 


96762 


307 


964-47 


74023 


352 


1105*84 


97314 


308 


967-61 


74506 


353 


1108-98 


97868 


309 


970-75 


74991 


354 


iiia-ia 


98423 


310 


97389 


75477 


355 


1115-27 


98980 


311 


977-04 


75964 


356 


1118-41 


99538 


312 


980-18 


76454 


357 


1121*55 


100098 


313 


983-32 


76945 


358 


1124-69 


100660 


314 


986-46 


77437 


359 


1127*83 


101223 


315 


989-60 


77931 


360 


1130*97 


101788 


316 


99274 


78427 


361 


1134-12 


102354 


317 


995*88 


78924 


362 


1137-26 


102922 


318 


99903 


79423 


363 


1140-40 


103491 


319 


1002-17 


79923 


364 


"4354 


104062 


320 


1005-31 


80425 


365 


1146*68 


104635 


321 


1008-45 


80928 


366 


IT49-82 


105209 


322 


1011-59 


81433 


367 


1152-97 


^05785 


323 


1014-73 


81940 


368 


1156-11 


106362 


324 


1017-88 


82448 


369 


"59*25 


I 0694 I 


325 


1021-02 


82958 


370 


1162-39 


107521 
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1. 


Grcum, 


Area. 


Diam. 


Grcum. 


Area. 


[ 


1165-53 


108103 


416 


1306-91 


135918 


} 


1168-67 


108687 


417 


131005 


136572 


{ 


II71-81 


109272 


418 


131319 


137228 


[ 


1174-96 


109858 


419 


1316-33 


137885 


i 


1178-10 


I 10447 


420 


1319*47 


138544 


\ 


1181-24 


111036 • 


421 


1322-61 


139205 


' 


1184-38 


II1628 


422 


132575 


139867 


{ 


1187-52 


I1222I 


423 


1328-89 


140531 


} 


1190-66 


II2815 


424 


133204 


141196 


> 


1193-81 


II34II 


425 


I33518 


141863 




1196-95 


I I 4009 


426 


1338*32 


142531 


I 


120009 


114608 


427 


1341-46 


143201 


; 


1203-23 


115209 


428 


1344-60 


143872 


[ 


1206-37 


115812 


429 


134774 


144545 


; 


1209-51 


116416 


430 


1350-89 


145220 


1 


1212-66 


II702I 


431 


1354*03 


145896 




1215-80 


117628 


432 


1357*17 


146574 


1 


1218-94 


I18237 


433 


1360-31 


147254 


) 


1222-08 


118847 


434 


1363*45 


147934 


) 


1225-22 


119459 


435 


1366-59 


148617 




122836 


120072 


436 


1369*73 


149301 




123150 


120687 


437 


1372-88 


149987 


1 


1234-65 


121304 


438 


137602 


150674 




123779 


121922 


439 


1379-16 


151363 


» 


124093 


122542 


440 


1382-30 


152053 


» 


124407 


123163 


441 


1385*44 


152745 




1247-21 


123786 


442 


1388-58 


153439 


1 


1250-35 


124410 


443 


1391*73 


154134 


> 


1253-50 


125036 


444 


1394-87 


154830 


) 


1256-64 


125664 


445 


I398-OI 


155528 




1259-78 


126293 


446 


I4OII5 


156228 


f 


1262-92 


126923 


447 


1404-29 


156930 


1 


1266-06 


127556 


448 


1407*43 


157633 


^ 


1269-20 


128190 


449 


1410-58 


158337 


1 


1272-35 


128825 


450 


1413*72 


159043 


5 


1275-49 


129462 


451 


141686 


159751 




1278-63 


130100 


452 


1420*00 


160460 


1 


1281-77 


130741 


453 


1423*14 


161171 


) 


1284-91 


I31382 


454 


1426*28 


161883 


) 


1288-05 


132025 


455 


1429-42 


162597 




1291-19 


132670 


456 


1432*57 


163313 


I 


1294-54 


133317 


457 


1435*71 


164030 


; 


1297-48 


133965 


458 


1438-85 


164748 


[ 


1300-62 


134614 


459 


1441*99 


165468 


> 


1303-76 


135265 


460 


1445*13 


166190 
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Diam. 


Circuin. 


Area. 


Diam. 


Circuin. 


Area. 


461 


1448-27 


166914 


506 


1589-65 


201090 


463 


1451-42 


167639 


507 


159279 


201886 


463 


i454-5<5 


168365 


508 


1595-93 


202683 


464 


145770 


169093 


509 


1599-07 


203482 


465 


1460*84 


169823 


510 


l602*2I 


204282 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


I71287 


512 


1608-50 


205887 


463 


1470-27 


I7202I 


513 


161I-64 


206692 


469 


1473-41 


172757 


514 


1614-78 


207499 


470 


M76-55 


173494 


515 


1617-92 


208307 


471 


1479-69 


174234 


516 


1 62 1 06 


209II7 


472 


1482-83 


174974 


5x7 


1624-20 


209928 


473 


1485-97 


175716 


518 


162735 


21074I 


474 


1489-12 


176460 


519 


1630-49 


211556 


475 


1492-26 


177205 


520 


163363 


212372 


476 


1495-40 


177952 


521 


1636-77 


213189 


477 


149854 


17870I 


522 


1639-91 


214008 


478 


1501-68 


179451 


523 


164305 


214829 


479 


1504-82 


180203 


524 


1646-20 


215651 


480 


1507-96 


180956 


52s 


1649-34 


216475 


481 


1511-11 


T817II 


526 


1652-48 


217301 


482 


1514-25 


182467 


527 


1655-62 


218128 


483 


1517-39 


183225 


528 


1658-76 


218956 


484 


1520-53 


183984 


529 


1661-90 


219787 


48s 


1523-67 


184745 


530 


1665-04 


220618 


486 


152681 


185508 


S3 1 


166819 


221452 


487 


1529-96 


186272 


532 


1671-33 


222287 


488 


1533-10 


187038 


533 


167447 


223123 


489 


1536-24 


187805 


534 


1677*61 


223961 


490 


1539-38 


188574 


535 


1680-75 


224801 


491 


1542-52 


189345 


536 


1683-89 


225642 


493 


1545-66 


I90II7 


537 


1687-04 


226484 


493 


1548-81 


190890 


538 


1690-18 


227329 


494 


1551-95 


I91665 


539 


1693-32 


228175 


495 


1555-09 


192442 


540 


1696-46 


229022 


496 


1558-23 


I9322I 


541 


1699-60 


229871 


497 


1561-37 


194000 


542 


1702-74 


230722 


498 


1564-51 


194782 


543 


1705-88 


231574 


499 


1567-65 


195565 


544 


1709-03 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


501 


1573-94 


197136 


546 


1715-31 


234140 


502 


1577-08 


197923 


547 


1718-45 


234998 


603 


1580-22 


198713 


548 


1721-59 


235858 


504 


1583-36 


199504 


649 


1724-73 


236720 


50s 


1586-50 


200296 


550 


1727-88 


237583 
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DianL 


Orcunw 


Aret 


I>uaL 


Ofrnni. 


AreiL 


5S^ 


173^^^ 


238448 


59^ 


1872-39 


278986 


55^ 


173416 


2393' 4 


597 


187553 


^79933 


553 


173730 


240182 


S^ 


187867 


280862 


554 


174044 


241051 


599 


1881-81 


28 I 802 


555 


17435^ 


241922 


600 


1884-96 


282743 


5B^ 


174673 


242795 


601 


1888*10 


283687 1 


557 


174987 


243669 


602 


1891*24 


284631 


55B 


i753'<^^ 


244545 


603 


1894*38 


385578 


559 


175^15 


345423 


604 


189753 


286526 


560 


J759'a9 


246301 


605 


1900 "66 


387475 


5<5i 


176243 


247181 


606 


190381 


388426 


562 


1765718 


248063 


607 


1906-95 


2S9379 


563 


176872 


248947 


608 


1910-09 


390334 


564 


1771-86 


349833 


609 


1913-23 


291289 


565 


177500 


250719 


610 


191637 


292247 


566 


177814 


251607 


611 


191951 


293206 


567 


1781-28 


252497 


612 


1921-63 


294166 


5^8 


178443 


3533^^8 


613 


1925-80 


295138 


569 


178757 


254281 


614 


1928-94 


296092 


570 


17907 1 


255176 


615 


1932^ 


297057 


571 


1 79385 


256072 


616 


193532 


29S024 


57^ 


179699 


256970 


617 


in^3^ 


298992 


573 


1800-13 


257869 


6i3 


1941 50 


299962 


574 


180327 


258770 


619 


194465 


3^0934 


575 


1806-42 


359672 


620 


1947-79 


301907 


576 


180956 


260576 


621 


195093 


302882 1 


577 


1812 70 


261482 


622 


i9o4"c7 


3^3858 


578 


1815-84 


262389 


623 


195731 


304836 


579 


1818-98 


263298 


624 


19*^035 


305815 


560 


jS22'ia 


264208 


625 


196350 


306796 


581 


1825-27 


265120 


636 


1966-64 


307779 


582 


1828*41 


266033 


627 


1969 78 


308763 


5S3 1 


1831^55 ' 


266948 


638 


197293 


309748 


1 584 


183469 


267865 


62^ 


197 6 06 


310736 


5^S 


183783 


268783 


630 


1979*20 


311725 


586 


1840-97 


269702 


631 


1982^35 


313715 


587 


1844-11 


270624 


633 


1985*49 


313707 


5B8 


1847-26 


271547 


^33 


i9S8'63 


314700 


589 


1850-40 


272471 


<534 


199177 


315696 


590 


1853-54 


373397 


635 


199491 


316693 


591 


185668 


2743^5 


636 


199805 


317690 


, 592 


1859-82 


275354 


<537 


2001 '19 


31S69O 


593 


1863-96 


276184 


638 


2004*34 


319692 


594 


1866-11 


277117 


^39 


2007-48 


330695 


59B 


1869-25 


278052 


640 


2010-62 


321699 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


641 


201376 


322705 


686 


215513 


369605 


642 


2016*90 


3237^3 


687 


2158-27 


370684 


643 


2020-04 


324722 


688 


2161*42 


371764 


644 


2023-19 


325733 


689 


2164-56 


372845 


645 


2026-33 


326745 


690 


2167-70 


373928 


646 


2029-47 


327759 


691 


2170-84 


375013 


647 


2032-61 


328775 


692 


2173-98 


376099 


648 


203575 


329792 


693 


2177-12 


377187 


649 


203889 


330810 


694 


2180-27 


378276 


650 


2042-04 


33^831 


695 


2183-41 


379367 


651 


2045-18 


332853 


696 


2186-55 


380459 


652 


2048-32 


333876 


697 


2189-69 


381554 


653 


2051-46 


334901 


698 


2192-83 


382649 


654 


2054-60 


335927 


699 


2195-97 


383746 


655 


205774 


336955 


700 


2199-II 


384845 


656 


2o6o-88 


337985 


701 


2202*26 


385945 


657 


2064-03 


339016 


702 


2205*40 


387047 


658 


2067-17 


340049 


703 


220854 


38815I 


659 


2070*31 


341084 


704 


2211*68 


389256 


660 


207345 


342II9 


705 


2214*82 


390363 


661 


2076-59 


343157 


706 


2217*96 


39I47I 


662 


207973 


344196 


707 


2221*11 


392580 


663 


2082-88 


345237 


708 


2224*25 


393692 


664 


2086-02 


346279 


709 


222739 


394805 


665 


2089-16 


347323 


710 


2230*53 


395919 


666 


2092-30 


348368 


711 


2233-67 


397035 


66j 


2095-44 


349415 


712 


2236-81 


398153 


668 


2098-58 


350464 


713 


2239-96 


399272 


669 


2101-73 


351514 


714 


2243-10 


400393 


670 


2104-87 


352565 


715 


2246-24 


4OI515 


671 


2108-01 


353618 


716 


2249*38 


402639 


672 


2111-15 


354673 


717 


2252*52 


403765 


673 


2114-29 


355730 


718 


225566 


404892 


674 


2117-43 


356788 


719 


2258-81 


406020 


675 


2120-58 


357847 


720 


2261-95 


407150 


676 


212372 


358908 


721 


2265-09 


408282 


677 


212686 


359971 


722 


2268-23 


409416 


678 


2130-00 


361035 


723 


2271-37 


410550 


679 


2133*14 


362IOI 


724 


2274-51 


4II687 


680 


2136-28 


363168 


725 


2277-65 


412825 


681 


2139-42 


364237 


726 


2280-80 


413965 


682 


2142-57 


365308 


727 


2283-94 


415106 


683 


214571 


366380 


728 


2287-08 


416248 


684 


2148-85 


367453 


729 


2290*22 


417393 


685 


2151-99 


368528 


730 


2293*36 


418539 
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Circum. 


Area. 


Diam. 


Circum. 


Ana. 


731 


2296-50 


419686 


776 


243788 


472948 


733 


229965 


420835 


777 


2441*02 


474168 


733 


230279 


421986 


778 


2444*16 


475389 


734 


230593 


423139 


779 


244730 


476612 


735 


230907 


424293 


780 


245044 


477836 


736 


2312*21 


425448 


781 


245358 


479062 


737 


2315*35 


426604 


782 


245673 


480290 


738 


2318-50 


427762 


783 


245987 


481519 


739 


2321*64 


428922 


784 


2463*01 


482750 


740 


2324*78 


430084 


785 


2466*15 


483982 


741 


2327 92 


431247 


786 


2469*29 


485216 


743 


2331 06 


432412 


787 


2472*43 


486451 


743 


2334*20 


433578 


788 


247558 


487688 


744 


233734 


434746 


789 


247872 


488927 


745 


2340*49 


435916 


790 


2481-86 


490167 


746 


234363 


437087 


791 


2485*00 


491409 


747 


2346*77 


438259 


793 


2488*14 


492652 


748 


2349*91 


439433 


793 


2491*28 


493897 


749 


2353-05 


440609 


794 


2494*42 


495M3 


750 


235619 


441786 


795 


249757 


496391 


751 


235934 


442965 


796 


250071 


497641 


753 


2362*48 


444146 


797 


250385 


498892 


753 


236562 


445328 


798 


2506-99 


500145 


754 


236876 


4465 I I 


799 


2510*13 


501399 


755 


2371-90 


447697 


800 


2513*27 


502655 


756 


237504 


448883 


801 


2516*42 


503912 


757 


237819 


450072 


802 


2519*56 


505171 


758 


2381-33 


451262 


803 


252270 


506432 


759 


2384*47 


452453 


804 


252584 


507694 


760 


2387*61 


453646 


805 


252898 


508958 


76i 


239075 


454841 


806 


2532*12 


510223 


762 


239389 


456037 


807 


2535*27 


511490 


763 


2397*04 


457234 


808 


2538-41 


512758 


764 


2400*18 


458434 


809 


2541*55 


514028 


765 


2403*32 


459635 


810 


2544*69 


5^5300 


766 


2406*46 


460837 


811 


254783 


516573 


767 


2409*60 


462041 


812 


2550-97 


517848 


768 


241274 


463247 


813 


2554*" 


519124 


769 


2415-88 


464454 


8t4 


255726 


520402 


770 


241903 


465663 


81S 


256040 


521681 


771 


2422*17 


466873 


816 


256354 


522962 


773 


2425-31 


468085 


817 


256668 


524245 


773 


2428*45 


469298 


818 


2569*82 


525529 


774 


243159 


470513 


819 


257296 


526814 


775 


243473 


471730 


820 


257611 


528102 



Diam. 


Circnim. 


Area. 


Diam. 


Circum. 


Area. 


821 


257925 


529391 


866 


2720-63 


589014 


: 823 


358239 


530681 


867 


272376 


590375 


823 


258553 


531973 


868 


2726*90 


591738 


824 


2588-67 


533267 


869 


2730*04: 


593102 


825 


2591-81 


534562 


870 


2733*19 


594468 


826 


259496 


535858 


871 


273633 


59583S 


827 


2598-10 


537157 


872 


2739*47 


597204 


828 


2601-24 


538456 


873 


2742-61 


59857s 


829 


2604-38 


539758 


874 


274575 


599947 


830 


2607-52 


541061 


875 


2748*89 


601320 


831 


2610-66 


542365 


876 


275204 


602696 


832 


2613-81 


543671 


877 


2755*18 


604073 


833 


2616-95 


544979 


878 


275832 


60545^ 


834 


2620-09 


546288 


879 


2761*46 


606831 


835 


262323 


547599 


880 


2764*60 


608212 


836 


262637 


548912 


881 


276774 


60959S 


837 


262951 


550226 


882 


2770-88 


610980 


838 


2632 65 


551541 


883 


2774-03 


612366 


839 


263580 


552858 


884 


2777*17 


613754 


840 


2638-94 


554177 


885 


2780*31 


615143 


841 


2642-08 


555497 


886 


278345 


616534 


842 


2645-22 


556819 


887 


278659 


617927 


843 


2648-36 


558142 


888 


278973 


61932I 


844 


2651-51 


559467 


889 


279288 


620717 


84s 


265465 


560794 


890 


2796*03 


622114 


846 


2657-79 


562122 


891 


2799*16 


623513 


847 


2660-93 


563452 


892 


2802*30 


624913 


848 


2664-07 


564783 


893 


2805*44 


626315 


849 


2667-21 


566116 


894 


2808*58 


627718 


850 


267035 


567450 


895 


2811*73 


629124 


851 


2673-50 


568786 


896 


2814*87 


630530 


852 


2676-64 


570124 


897 


2818*01 


631938 


853 


267978 


571463 


898 


2821-15 


633348 


854 


2682-92 


572803 


899 


2824*29 


634760 


855 


2686-06 


574146 


900 


2827*43 


636173 


856 


2689*20 


575490 


901 


283058 


637587 


857 


2692-34 


576835 


902 


2833*73 


639003 


858 


2695-49 


578182 


903 


2836-86 


640421 


859 


2698-63 


579530 


904 


2840-00 


641840 


860 


2701-77 


580880 


905 


2843-14 


643261 


861 


2704-91 


582232 


906 


284628 


644683 


863 


2708-05 


583585 


907 


2849-43 


646107 


863 


2711-19 


584940 


908 


2852*57 


647533 


864 


2714-34 


586297 


909 


285571 


648960 


865 


2717-48 


587655 


910 


2858-85 


650388 



)3U 


Diam. 


Giciun. 


Area. 


Diam. 


Grcnm. 


Area. 


»ri 


9U 


2861*99 


651818 


956 


300336 


717804 


J«3 


912 


286513 


653250 


957 


3006-50 


fi93o6 


re 


913 


286827 


654684 


958 


3009-65 


720810 


f«e 


914 


2871-42 


656119 


959 


3012-79 


72a3i6 


•i* 


915 


287456 


657555 


960 


3015*93 


7238^3 


C4 


916 


287770 


658993 


961 


3019*07 


7*533* 


rl 


917 


288084 


660433 


962 


3022*21 


736843 


c/ 


918 


2883-98 


661874 


963 


302535 


7283.';4 


:| 9^9 


2887-12 


663317 


964 


302850 


729867 


,1 920 


2890-27 


664761 


965 


3031*64 


73138* 


/ 921 


2893-41 


666207 


966 


303478 


732899 


[ 922 


2896-55 


667654 


967 


303792 


734417 


923 


2899-69 


669103 


968 


3041*06 


735937 


' 924 


2902-83 


670554 


969 


304420 


737458 


925 


290597 


672006 


970 


304734 


738981 


926 


2909-11 


673460 


971 


305049 


740506 




927 


2912*26 


674915 


972 


305363 


742032 




928 


2915-40 


676372 


973 


305677 


743559 




929 


291854 


677831 


774 


3059*91 


745088 




930 


2921-68 


679291 


975 


306305 


746619 




931 


2924-82 


680753 


976 


3066*19 


748151 




93* 


2927-96 


682216 


977 


306934 


749685 




933 


2931-11 


683680 


978 


3072*48 


751**1 




934 


293425 


685147 


979 


3075*62 


75*758 




935 


293739 


686615 


980 


307876 


754296 




936 


2940*53 


688084 


981 


3081*90 


755837 




937 


294367 


689555 


982 


3085-04 


757378 




938 


2946-81 


691028 


983 


3088*19 


''f^ll 




939 


2949-96 


692502 


984 


3091*33 


760466 




940 


2953*10 


693978 


985 


309447 


762013 




941 


295624 


695455 


986 


3097*61 


763561 




942 


295938 


696934 


987 


310075 


765III 
766662 




943 


2962-52 


698415 


988 


3x03*89 




944 


2965*66 


699897 


989 


3107*04 


768215 
769769 




945 


296881 


701380 


990 


3110*18 




946 


2971-95 


702865 


991 


3113*32 


771325 

772882 

774441 
776002 

777564 
779128 

780693 
782260 

5838*1 
78S39f__ 




947 


297509 


704352 


992 


3116*46 




948 


2978-23 


705840 


993 


3II960 




949 


2981-37 


707330 


994 


312274 




950 


2984*51 


708822 


995 


3125*88 




951 


2987-65 


710315 


996 


312903 




952 


2990*80 


7I181O 


997 


3132*17 




953 


299394 


713306 


998 


3135*31 

0. . ^ 




954 
955 


2997-98 
3000-22 


714803 
7^6303 


999 
1000 


313845 
314^-59 
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. ^ TRIGONOMETRICAL RULEa 

(Tlie following is a summary of the principles and chief roles of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functions Defined. — Suppose that A, B, C 
stand for the three angles of a right-angled triangle, C being the 
right angle, and that a, 6, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometiical functions of the angle A have the followiDg 
meanings : — 

• A ^ A ^ 

sm A = - : cos A = - : 
c' c' 

. . c—b . . c-a 

versin A = : coversm A = : 

c c ' 

tan A = 7 : cotan A = - : 
6 a 

sec A = 7: cosec A = -. 
6 a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. ReUUiona amongst the Trigonometrical Fuiictions of One 
Angle, A, and o/its Supplement, 180° — A: — 

A /~T 5~r tan A 1 

sm A = V 1 — cos^ A = 



cos A = J \ — sin2 A = 



sec A cosec A' 
cotan A 1 



"cosec A sec A' 
versin A = 1 — cos A ; 
coversin A = 1 — sin A ; 

tan A = = — ~ = sin A • sec A =: J sec^ A — 1 : 

cos A cotan A ' 

. cos A 1 . . / ^— — 

cotan A = -; — r = 7 T- = cos A • cosec A = v cosec* A — 1 ; 

sin A tan A 

sec A = =z J 14- tan* A : 

cos A ' 

cosec A = -; — T- = Vl + cotan^A. 
sin A 
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8in(180« — A)=:8mA; 
cos (180« — A) = — COS A; 
versin (180* — A)= l+oo8A = 2 — versin A; 
coversin (180* — A) = coversin A; 
tan (180* — A) = — tan A; 
cotan (180* — A) = — cotan A; 
sec (180* — A) = — sec A; 
cosec (180* — A) = cosec A 

To compnte sines, &c,f approximately by series; reduce the 
angle to circular measure—that^is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A. Then 

A* A* A^ 

A^ A* A* 

IIL Tfigonometricdl Functions of Two Angles: — 

sin (A dtz B) = sin A cos B db cos A sin B ; 
cos (A z±= B) = cos A cos B qp sin A sin B; 

tan (A =±: B) = r— — 5. 

^ ' 1 hP tan A tan B 

IV. Formfdce/or the SdtUion of Plane Triangle. — Let A, B, C 
be the angles, and a, &, c the sides respectively opposite them. 
1* BehUloBs amongst the Angles — 

A + B -h C = 180«; 
or if A and B are given, 

= 18(y» - A - B. 

2. When the Angles and One Side are given, let a be the given 
side ; then the other two sides are 

. sin B sin 

6 = a -;; r j C = « ' rr. 

Sin A ' sin A 

3. mien Twe Sides and the f nclndcd Angle are giyen. let a, & be 

the given sides, C the given included angle; then 

To find the third side. First Method: 

c = ^ (a2 + 62 - 2 a 6 cos C); 

Second Method: Make sin D = =-- * cos tt; then 

a 4- 6 2 

c = (a -I- 5) cos D. 
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Third Method: Make tan E = i- • sin rr-: thett 

c = (a — 5) sec R 
To find the remaining angles, A and B. 
If the third side has been computed. 

Sin A = - • sm C : sm B = - • sin 0. 

e ' c 

If the third side has not been ci^puted, 

A+B ^ 0^ A-B a-6 ^ O 

tan— ^— = cotan ^^ tan— 5- = ^-^ cotan ^ ; 

A+B A~B ^ A+B A-B 

^-— r~ ■*■ 2 ^ ^~ 2 ~ 2 • 

4. When th« Throe Sides are glrea, to find any one of the o/ngUs, 
such as C — 



or otherwise, let 



cos = 5 — T — ; 

2 ah ' 



a + 6 + c ,, . 
8 S5 ; then 



"^'2 = V -^6 ^ '"^ 2 = V ^^ — ^r6 — ' 

cotan^ = >v/ ^(^-^) ; tan? = a/'5Z35ZS; 

2 V (/r-a)(5-6)' 2 V « (« - c) ' 

Bin C = 2n^^(^-«) (g-5)(g~c ) 
a6 . 

Note. — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, tangents, and cosecants, and 
angles approaching a right angle by their cosines, cotangents, and 
secants, 

5, To SoIto a Bi^ht-angied Triangi«.^Let C denote the right 
angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90^ - B; a = c -cos B; 6 = c • sin R 
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Given, the right angle, another angle B, a side a, 

A = 90° - B; 6 = a • tan B; c = a • sec B. 
Given, the right angle, and the sides a, b, 

tanA = |;tanB = -;c= J a^ + 6«. 
Given, the right angle, the hypothenuse c; a side a, 



sin A = cos B = - ; 6 = J c^ — 



c 



2 



Given, the three sides a, h, c, which fulfilling the equation 



c = a' 



62, the triangle is known to be right-angled at C. 



sin A = - : sin B = - . 
c c 

6. T« SxprcM tli« Area of a Plane Triaagle la Tcnas of Its Sides 
and Aniiles. 

Given, one side, c, and the angles. 

. c* sin A sin B 

Area = ^ . :—^ — . 

2 sin 

Given, two sides, 6, c, and the included angle A 

. 6 c • sin A 
Area = ^ ' 

Given, the three sides a, 6, & Let ^ = a; then 

Area = J <8 {a — a) {s - b) (a — c)> . 

V. Eitlea for the SoltUion of Spherical Trianglea, — Let A, B, C 
denote the three angles of a spherical triangle, and «, /3, y, the 
angles subtended by it«« sides at the centi*e of the sphere, called for 
brevity's sake, the sides. 

The spherical excesa means, the excess of the sum of the angles 
A + B + C above two right angles. 

- Spherical excess area of triangle 

4 right angles "" surface of hemisphere' 
2. To compute the approodnujUe aplierical excess, in seconds, of a 
triangle on the earth's surface whose area is given; divide that 
area by one or other of the following divisors, according as it^ 
given in square feet, in square nautical miles, or in square metres : 
Area given in Divieor. Com. Log- 

Square feet, 2,ii5,5oo»ooo 9*3^5410^ 

Squai-e nautical mUes, 5729578 V^ Z 

Squai-e m^ti-es, i96,530>ooo 82934243 
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3. Given, two angles of a spherical triangle, and the side between 
them ; to find the remaining sides and angle — 

Let A, B be the given angles, and y the given side. Then to 
find the remaining sides, » and /3^ — 

A-B 



cos g. 

tan — s — = tan * 



2 A + B' 

A-B 



- sin- — ^ 

tan — s — =x tan 



2 . A + B' 

"'^— 2— 

To find the remaining angle, C, we have the proportion — 

sin « : sin /3 : sin y : : sin A : sin B : sin C. 
4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle — 
Let «, /3 be the given sides ; C, the given angle. 
First Method, — ^To find the remaining side, y ; 

cos y = cos « • cos /3 + sin « • sin ^8 • cos C; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

Make sin D = cos „ * A /sin « • sin /8; then 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin ^ : : sin : sin A : sin B. 
Second Method, — To find the remaining angles. A, B, 

M ^ B C 

, A + B cos-g-'cotan^ 

tan — 5 — = J 

2 a + » ' 



sin I 



cos- 2 
, A-B sin-2--cotan^ 

*^-2- = T^rvj — ' 

sin— jr— 
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. A+B A- B A+B A*B 

The remainiDg dde, y, is found by the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Liet C be the angle sought in the first instance. Then 

^ cos y — cos « • cos 3 
cos C = ; ; — : 

sin m ' sin p 

or otherwise — 

Let 9 = — ~ denote the half sum of the sides; 

008 ? = A/ ain>-8m(>^ . ^j^ ^ /8in(>-«)(8m,-4) 
-« V sin « ' sin /S -* V sin «e * sin ^3 

C C C C 

cos ?r is best when ^ approaches a right angle; sin ^ when ^- issmalL 

These formulae will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B/the following 
substitutions are to be made in the formulae : — 

For the following symbols in the formulae for C,... » fi y 

Substitute respectively in the formulae for A,... /3 y « 

— — — — for B,... y « ^ 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parts — 
Let C be the right angle, and y the side opposite to it. 

Case L Two sides being given, the third is found by the 
equation- 
cos • * cos /3 = cos y; 
and the oblique angles by the equations — 

cos A = cotan y * tan /3; cos B = cotan y * tan «e ; 
or by the equations — 

cotan A = cotan « * sin /3; cotan B = cotan./3 * sin «e. 

Case IL Given, a side («) and the opposite angle (A). Find 
the side fi by the formula — 

sin fi = tan « • cotan A; 

then find y and B as in Case L 
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Case III. Given, a side («) and the adjacent angle (B). Find 
the side y by the formula — 

cotan y =: cos A * cotan fi; 
then find « and B as in Case I. 

Case IV. Given, two angles, A, B — 

cos A _cosB J. t J. -n 

cos « = -; — 77 : cos fi = - — r- 1 COS y = cotan A • cotan R 
sin B sm A' 

VL Approximate SoltUicma of Splierical Triangles, used in 
Tingonometrical Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles. A, B; to iind approximately the 
third angle, C. 

Calculate the approxinuUe area of the triangle, as if it were 
plane. From that area calculate the *' spherical excess," X. Then 

C = 180* + X - A - B. 

2. To find approximately the remaining sides, a, 5, of the same 
triangle. Let «, /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
say — 

8m(A-f) rin(B-f) 



a = c • ^ ^J-\ h = 

sin 



(c-f)' - ..(c-?y 



Problem Third. — Given, in a triangle on the earth's surHace, 
two sides, a, 6, and the included angle, C, to find the remaining 
side, c, and angles. A, B. 

Compute the approximate area as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

angle C = C — ^, and find the third side, c, and the remaining 

angles, A', B'. Then for the remaining angles of the real spherical 
triangle, take 

A = A'+|;B = F+f. 
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Table 6. — ^Arcs, Sines, and Tangents, fob evert Degree 
FROM 1^ TO 8r. 

Explanation. 

1. The table gives arcs and their complemeuts in circular 
measare, sines and cosines, tangents and cotangents, for every 
whole degree, correct to five places of decimals. 

2. Arcs containing fractions of a degree may be found either 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 0*01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &c, of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between 0^ and ^> ) 'p ^ 
For cosines and cotangents of angles between 84** > f ^^ 
and 90^ J P^*^^ 

For sines of angles between 6° and 90°, 1 

For cosines of angles between 0° and 84°, i To four 

For tangents of angles between 0° and 30°, f places ; 

For cotangents of angles between 45° and 60°^ J 

For tangents of angles between 30° and 45*, ) To three 

For cotangents of angles between 45° and 90°, / places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 

Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, -51S04 

Difference, -01504 

-00501 

Add sine of 30°, -50000 

Sin 30° J, correct to four places of decimals, -50501 

4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — Find a first approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
d^ree, the difference between tliat fraction and unity, the fraction 
-00015^ and the approximate sine or cosine already found; the 
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product will be a correction, to be added to the appro: 
or cosine for a more exact value. 

Example. — Required the sine of 30°J, correct to fii 
decimals. 

First approximation , as already found , 

Correction to be added, J x | x -00015 x -50501 = 

Sum 

so that the sine required, to five places of decimals, is -i 

Corrbction-Factors, to Multiply Approximate S 
Cosines. 



ratea. 


Factors. 


Minntea. 


5 


I -0000 II 


55 


lO 


I -00002 1 


50 


15 


1-000028 


45 


ao 


1 000033 


40 


25 


I 000036 


35 


30 


1 000037 


30 



3 

4 
5 
6 

7 



I^. .01745.. 

2 03491 
05236 
06981 
..08727.. 
10472 
I2217 

8 13963 

9 ...15708.. 

10 17453 

11 19199 

12 20944 

13 ...22689.. 

14 24435 

15 26180 

16 27925 
17... 29671.. 

18 31416 

19 33161 

20 34907 
21... 36652.. 

22 38397 

23 40143 

24 41888 

25... 43633- 

26 45379 

27 47124 

28 48869 
29... 50615.. 

30 52360 

31 54105 

32 55850 
33- 57596.. 

34 59341 

35 61087 

36 62832 

37— 64577- 

38 66322 

39 68068 

40 69813 
41.- 7^558.. 

42 73304 

43 75049 

44 76794 
45— 78540.. 

Co^ngle. Co^rc. 



Sine; 

0174s 
03490 

05234 
06976 
08716 

10453 
I2187 

^39^7 
15643 
17365 
1 908 1 
20791 
22495 
24192 
25882 

27564 
29237 
30902 

32557 
34202 

35837 
37461 
39073 
40674 
.42262, 

43837 
45399 
46947 
.48481. 
50000 

51504 
52992 

54464 
559^9 
57358 

58779 
,60182 
61566 
62932 
64279 
.65606, 
66913 
68200 
69466 
.70711 

Co-vae. 



Tangent 
...01746. 
03492 
05241 
06993 
,..08749.., 
105 10 
12278 

14054 
..15838.., 

17633 
19438 
21256 
..23087.., 
24933 
26795 
28675 

.30573— 
32492 

34433 

36397 

..38386.., 

40403 
42447 

44523 
..46631... 

48773 
50953 
53171 

..5543^ — 
57735 
60086 
62487 

..64941... 

67451 

70021 

72654 
.75355 - 
78129 
80978 
83910 
..86929.., 
90040 
93252 

96569 
i-ooooo... 

Co-tangent. 



Co-tangenL 
.57-28996. 
28-63625 
1908114 
1430067 
,11-43005. 
951436 

81443s 

71154O 

. 6-31375. 

567128 

514455 
4-70463 

• 4-33148. 
4-01078 
373205 

3-48741 
, 3-27085. 
307768 
2*90421 
274748 
, 2-60509. 
2-47509 

235585 
2-24604 

, 2-14451. 
2-05030 
1*96261 
1-88073 

. 1*80405. 
1-73205 
1*66428 
I 60033 
1-53986. 
1*48256 
1*42815 
1-37638 
1*32704. 
1-27994 
1-23490 
1-19^75 

• I -15037. 
1*11061 
1*07237 

1-03553 

, I'OOOOO. 

Tangent 



Co-sine. 
.99985. 

99939 

99863 
99756 
.99619. 

99452 
99255 

99027 

.98769. 

98481 

98163 

97815 

.97437. 

97030 

96593 

96126 

.95630. 
95106 
94552 
93969 

.93358. 
92718 

92050 

91355 
.90631. 

89879 

89101 

88295 
.87462. 
86603 

857^7 

84805 

.83867. 

82904 

81915 

80902 

.79864. 

78801 

77715 

76604 

.75471. 
74314 

73^35 

71934 

..70711. 

Sine. 



Co-ne. Co-oagku 

.1 •55335-89** 

1-53589 88 

1-51844 87 

I -50099 86 

.1-48353.-85 
1*46608 84 
144863 83 
143117 82 

.1-41372. ..81 
1-39627 80 
1-37881 79 
1*36136 78 

.1-34391-77 
1-32645 76 
130900 75 

1-29155 74 

.1-27409...73 

1*25664 72 

1*23919 71 

1*22173 70 

.1*20428. ..69 

118683 68 

1*16937 67 

1-15192 66 

.1-13447. ..65 

1*11701 64 

109956 63 

1-08211 62 

.1-06465. ..61 

1-04720 60 

102975 59 

101230 58 

. 99484.. .57 

97739 56 

95993 55 

94248 54 

. 92503-53 

90758 52 

89012 51 

87267 50 

. 85522. ..49 

83776 48 

82031 47 

80286 46 

. 78540..-45 

Arc 
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ETTLES FOR THE MENSURATION OF FIGUREa 



Section L — Plane Areas. 

1. PamnelognuB. RuLE A. — Multiply the length of one of the 
Bides by the perpendicular distance between that side and the 
opposite side. 

Rule B. — Multiply together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
^When the parallelogram is rightr-angled, that sine is = 1.) 

2. Trapezoid (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel sides by the j)erpendicular distance 
between them. 

3. Triangle. RuLB A. — Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Rule B. — Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities : the 
half sum of the three sides, and the three remainders left after 
subtracting each of the three sides from that half sum ; extract the 
square root of the quotient; that root will be the area required. 

Note. — Any pal-ygon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding their areas together. 

4. Parabolic Flgares of the Third l^egree. — The parabolic figures 
to which the following rules apply are of the following kind (see 
figs. 1 and 2.) One boundary is a straigdt line, A X, called the 
base or cuds; two other boundaries are 
either points in that line, or stmight 3C^ ■■ %^ 
lines at right angles to it, such as A 
A B and X C, called ordincUes; and J 

the fourth boundary is a curve, B C, ^1 ^ 

of the parabolic class^ and of the third ^ "* 

degree; that is, a curve whose ordinate '^ ^' 

(or perpendicular distance from the base A X) at any point is 
expressed by what is called an algebraical function of tlie third 
degree of the abadasa (or distance of that ordinate from a fixed 
point in the base). An algebraical function of the third degree of a 
quantity consists of terms not exceeding four in number, of which 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

KuLE A. — Divide lie base, as in fig. 2, into two equal parts 
or intervals; measure the endmosb ordinates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division ; add together the endmost ordinates and fowr times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

Rule B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inte^ 
mediate ordinates; divide the sum by eight; the quotient will be 
the 7nean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5, Anj Plane Area. — Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
divLsion, which breadths will, of course, be one more 
in number than the intervals. (For example, in fig. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at 6q, 6^ 
<fec.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundanes of any other figui^es. 
Fig. 3. Rule A. {^* Simpson^ s First Rvde^^ to be used 

when the number of intervals is even.) — Add together 
the two endmost bi-eadths, ticice every second intermediate breadth, 
andybwr times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3 ; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

ExAMPLK — Length, 120 feet, divided into six intervals of 20 
feet each. 
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BreadtlulnFeet Sfanpfloin*^ ■o^.^r,,^ 

andDecimala. Kalti^nk Prodncts. 

17-28 .....1 17-28 

16-40 4 65-60 

14-08 2 28-16 

10-80 4 43-20 

7-04 2 1408 

3-28 4 13-12 

1 0-00 

Sumy 181-44 
X Common interval, 20 feet. 

^ 3) 3628^ 
Area required, 1209-6 square feet, 

RuiA R {"Simpson's Second Rvle^ to be used when the 
number of intervals is a multiple of 3.) — ^Add together the two 
endmost breadths, twice every third intermediate breadth, and 
ihnoe each of the remaining intermediate breadths; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8; the result will be the area required. 

^^ Simpson's multipliers'* in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

EhLAMPLE. — ^Length, 120 feet, divided into six intervals of 20 
feet each. 

17-28 1 17-28 

16-40 3 49-20 

1408 3 42-24 

10-80 2 21-GO 

7-04 3 2112 

3-28 3 9-84 

1 000 

Sum, 161-28 
X Common interval, 20 feet. 

322F6 

xj 

■?• 8 )9676-8 
Area required, 1209-6 square feet 

Reu ARKS. — ^The preceding examples are taken from a parabolic 
figure of the third degree, for which both Simpson's Rules a^ ^ 
exact; and the results of using them agree together precisely. Po^ 
other figures, for which the rules are approximate only, the fir;^ 

F 
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nile is in general somewhat more accurate than the second^ and is 
therefore to be used unless there is some special reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson^s First Eule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axi& 
In such positions of a figure the errors may be diminished by sub- 
dividing the axis into smaller intervals. 

EuLB C. (" Merrifield^ 8 Trapezoidal Rvhf^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differencea of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the differences 
of those differences, or second differences, and write them opposite 
the intervals between the first differences, distinguishing them inte 
positive and negative according to the following principles : — 

First Differenoea Second Differencou ^ 

Positive increasing, or \ p^^^^^ 

Negative dinunishmg, j 

Negative increasing, or ) Nesative. 

Positive diminishing, / ° 

tn the column of second differences there will now be two blanks 
opposite the two endmost breadths ; those blanks are ta be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences^ if these are unequal, or equal to 
them, if they are equal 

Divide each second difference by 12; this gives a correction, 
which is to be subtracted from the breadth op|K)site it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; mvUiply Ute half 
sum of Hie corrected breadths by the intervcU betioeen tliem. ^ 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval 

Example. — Length, 120 feet^ divided into six intervals of 20 feet 
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BraadOuiin 
Feet and 
Dedmala. 


Mnt 
Diflerenoea 


Second 
Differencea 


CorreotionB. 


Gorreeted 
Breadtha 

Feet 


Areas of 
DiTiBionfi. 

Sq.Feet 


17-28 


— 0-88 


(— 1-92) 


+ 0-16 


17-44 


> 339*6 


16-40 


— 2-3J 


— 1-44 


+ 0-I2 


16-52 


^ 3068 


14-08 


— 328 


— 0-96 


+ o-o8 


14-16 


250-0 


1080 


— 3'1^ 


— 0-48 


+ 0-04 


10-84 


178-8 


' 7-04 


— 37^ 








7 04 


► 102 -8 


328 


- 328 


+ 0-48 


— 0-04 


324 


► 31-6 







(+ 0-96) 


— 0-08 


— 0-08 -1 





Total area, square feet, 1209-6 

The second differences enclosed in parentheses at the top and 
bottom of the column are those filled in by making them form an 
arithmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

Rule D. — ("Common Trapezoidal EtUe,^* to be used when a 
rough approximation is sufficient.) Add together the halves of the 
endmost bi-eadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

Example. — ^The same as before. 



Feet 

8-64 

16-40 

14-08 

10-80 

7-04 

3-28 


60-24 
20 

1204-8 square feet. 
1209-6 
— 4-8 square feet. 

6. circle. — The area of a circle is equal to its circumference 
multiplied by one-foui-th of its diameter, and therefore to the square 
of the diameter multiplied by one-fourth of the ratio of the circum- 



Half breadth at one end. 17-28 -f- 2 = 



Intermediate breadths. 



Half breadth at the other end, . 

X Common interval, 
Approximate area, .... 
True area as before computed, . 

Hrror, 
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fecence to the diameter. The ratio of the area of a circle to the 

square of its diameter f which ratio is denoted by the symbol jj 

is weommensu/raMe; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of predsioa 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes^ 
scientific or practical : — 

ApproxImAte Values of ;. Brrors to Frwtfons of tiie 

^'^ 4 Oirde, about 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - +one-400,000th. 

355 
. ^5 - +one-13,000,000th. 

4 X 113 ' ' 

j2 - +one-2,500th. 

Tables 4 and 5 contain examples of the results of such calculatioii& 
The diameter of a circle equal in area to a given sqttare is very 
nearly 1*12838 x the side of the square. The following table gives 
examples of this : — 

Tablb 4 N. — Multipliers fob Convertinq 





Sides of Squares into 


Diameters of Circles 






Diameters of 


into Sides of 






Equal Circles. 


Equal Squares. 




I 


I-I2838 


0-88623 


I 


2 


3-25676 


177245 


3 


3 


3-38514 


3-65868 


3 


4 


4-5i35a 


3-54491 


4 


5 


5*64190 


4*43 "3 


5 


6 


677028 


5-31736 


6 


7 


789866 


6-20359 


7 


8 


9-02704 


7-08981 


8 


9 


10-15542 


7-97604 


9 


o 


11-28380 


886227 


10 



\ 



7. The area of a circniar Sector (O A C B, ^g. 4) is the same 
fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, multiply 
half the square of the raditis, or one-eighih 
of the square of the diameter, by the 
circular measure (to radius unity) of the 
angle A O B; the product will be the 
area of the sector. (For circular measures of andes, see Tables 
4 and 6.) ^ 




Fig. 4. 
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Fig. 7. 



12. Hnp«r^iic 8«ctMr.— In fig 7, let the straight lines O X, OT, 
bo the aaymptotea of a hyperl^la; A and B two points in that 

hyperbola, and O A B a AyperMw 
sector^ whose area is requmd. A 
characteristio property of the hf- 
perbola is the following: that if 
from any point in it, such as A or 
B, there be drawn strmight lineB 
parallel to the asymptotes^ so as 
to enclose a parallelogram, such si 
O C A £ or O D B F, the aroas of 
all such parallelograms shall be 
equal for a given h3rperbola. Let 
the oommonarea of them all for the 
given hyperbola be called the modtdua; then the area d the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

arithm of the ratio g-^ = -^j,. (For hyperbolic logarithms, see 

Tables 3 and 3 a.) The areas ACDBandAEFBare each of 
them equal to the sector A O B. 

13. Maraioaic Carre (see fig. 8). Casb L Single ffarmanic 
Ctjurve, — ^Let A B be the base and O G the height of a harmonic 

curve, O being the 
^^ middle of the basa 

The ordinate XT, at 
any point, X, in the 
base, is equal to 
C multiplied by the 
cosine of an angle 
bearing the same proportion to two right-angles that O X bears to 

A B. Then the area A C B is equal toABxOCx- The 

2 

approximate value of -, correct to about one-2,000,000th, is -63662. 

Casb II. DovbU Ha/rmonic Curve, or Curve of Versed ^S'mea— 
Let the harmonic curve be continued to D and £ as far below A B 
as C is above that line; the arcs A J) and B £ being similar to 
A C and B C, but inverted; so that the new base D £ is twice the 
length of A B, and is a tangent to the curve at D and £; and the 
new height F C is twice O C. Then the area D C E = D E x 

PCx|. 

14. Tff«ch«i4t Mr R«iUiis UTaTe-itae (see ^g, 9). — Let a circular 
disc, H, roll along a straight line, £ F; then a tracing point fixed 
in the rolling disc traces a trochoid, of which A C B is one wave, 
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extending from one of the lowest positions of the tracing-point to 

the next. Let the base of the figure to be measured be the straight 

line, A B, touching the ^.-. - ,. 

trochoid at A and B; / c ^^ 

then the length of that 

base is equal to the 

circamference of the 

rolling circle, H; and 

the extreme breadth of 

the figure, D, is twice the ifradng radius^ or distance of the 

tracing-point from the centre of the rolling circle. 

To find the area, A C B; multiply the base, A B, bj the tracing 
radius, ^ C D, and to the product add the area of the circle 
described on C D as a diameter. 

15. CaieiuuTt or Chain-curve. — See Section lY., further on. 




Fig. 9. 



6EcmoK 11. — Ctlindrical, Conical, and Spherical Abbas. 

1. €?ylta4erb — The curved surface of a cylinder is measured by 
multiplying its circamference by its length. 

2. €•■«•— The curved surface of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
slanting side of the cone is longer than the radius of its base. 

3. gyhg w. The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphere 
multiplied by its circumference, or to four times the area of a great 
circle of the sphere. 

4. Siphcrical XmtM aad flegBieats.~The area of a zone or belt, 
or of a segment of a sphere, is equal to that of a zone of equal 
height on the curved surface of the circumscribed cylinder. Ill 
other words, multiply the height of the zone or segment by the 
circumference of a great cirde of the sphere. 

Thus, in figi 10, B A is a hemisphere; B D E 0, a circum- 
scribed cylinder ; O A, the axis of 
that cylinder; F K, a plane per- 
fiendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B IJ is a zone 
€x belt of the sphere, whose ai'ea 
is equal to that of the cylindrical belt B F K 0, or to the cir- 
cumference of the sphere x H O. 




Fi^. 10. 
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5. Spherical Triangle.— As a complete levolutioii (or four rigbi* 
angles) 

: is to the spherical excess (see Trigonometrical Bales, 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — Volumes. 

1. Any PriMB w Crllader with PImm Parallel Kads. BuLB A.— 
Measure the sectional area of the prism or cylinder upon a pkae 
perpendicular to its axis; multiply that area by the length; the 
product will be the volume. 

Rule B. — ^Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

^. Keclaagalar Priaai, with Plaae BadUi mm Parallek—Measine 
the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Trlaagalar Priaai, with Plaae Bads aai Parallel.— Measare 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edgea 

4. Beclaagalar PriMa with Carved Bads {" WooUei/*8 i^uZtf").— Add 

together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
.six, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Aay Solid. METHOD I. By Layers, — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Bule A, B, or 0, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Bule G is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For other figures the method is approximate 
only. 
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Method II. By Prisms or Columns (" WooUey^s Ride'*), — Assume 
a plane in a convenient position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure the thickness of the 
solid at the centre and at the middle of each of i9te sides of each of 
those rectangular columns; calculate the volume of each column 
by the rule of Section III., Article 4, and take the sum of those 
volumes. 

Or otherwise, to ' calculate the volume of the solid at one 
operation — add together the doubles of all the thickneshes before- 
nentionedy which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum by six^ and 
multiplj by the area of one rectangular division of the base. 

6. emm» mr Pyvawid.— Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plane of the 
base. 

7. gpfc g — md BUipMid. Rule A. — ^Multiply the area of a 
diametral section (found by Section I., Article 6, for a circle, or by 
Section I., Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

Rule B. — ^Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere); then multiply by the 

«• 
mctor g. 

Apprcndmate Valaes of - . Errors, about 

0-5235987756 - + one-300,000,000,000th. 

0-523599 - +one-2,300,000th. 

0-5236- +one-400,000th. 

^ \;» - +one-13,000,000th. 

6x113 

377 

,^- -i-one-40,000th. 

2J-- +one-2,500th. 

8. Vwmmmm — ^Prtonoid — Spherical a»d Klllpsoidal SegmeaU aad 

g— aa. — ^The followiug rule is applicable to 

A firustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F C); 

A segment cut off by one plane, or a zone cut out by a pair of 
parallel planes, from a sphere or an ellipsoid (fig. 13); 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical, spherical, or elUpsoidal ma&M, or 
by any number of planes. 




To tlie areas of tbe ends add four times the area of a eron 
section made by a ])lane midway between and parallel to th^ 

ends; divide the sum by six for ihe mMk 

section^ which multiply by thfe length AX 
measured perpendicular to the planes of thft 
ends. 

9. Sphertcal CMie (0 I A J, fig. 10).— 
Find by Section IL, Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




Fig. 18. 



Section IV. — Lengths of Curves, 




The measurement of the lengths of curves is called recHfiealtum. 
1. A»7 cwre. RuLE A. By Chords.— Let A B (fig. 14) be 

the curved line whose length is to be measured. Divide it into 

any even number of intervahy 
equal or unequal, by points (sach 
as 1, 2, 3), measure the series of 
straight chords (such as A 1, 1 2, 
23, SB\ which span those in- 
tervals, and take the sum of 
tiieir lengths; measure also the 
straight chords (such as A2, 2 B) 
which span the intervals by pairB, 

and take the sum of their lengths; to the first sum add one-third 



Fig. 14. 
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of the d^ferenoe between it and the second sum; the result will be 
the approximate length of the curve. 

Rule B. By Clwrds and Tcmgents, — Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
fig. 14). At the ends and points of division draw straight tangents 
(such as A T^ T^ T3, T. B), stopping at their first intersections with 
each other. Measure the total length of those tangents, and also 
the total length of the straight chords (such as A 2, 2 B). To the 
total length of the tangetits add twice the total length of the chords, 
and divide the sum by 3; the quotient will be the approximate 
length required. 

Rule C. By Tangents. — Let A B (fig. 15) be the curved line 
to be measured. Through its two ends, A and B, draw a pair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into an even number <^ 
equal intervals, by means of 
intermediate parallel lines, 
cutting the curve in inter- 
mediate points, such as 1, 
2, 3. At each of l^ese in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer paraUel 
lines to the other (as A T^ 



i, 



T., U T-, <3 *3, t^ B). 




!nltiply the lengths of 
tboee tangents in their order 
by ^'Simpson's Multipliers" 
(as in Section I., Article 5, Rule A) ; add together the products, 
and divide their sum by the sum of the multipliers; the quotient 
will be the approximate length required. 

Remark.— The errors of the three preceding rules vary nearly as 
the fourth power of the a/ngtdar interval, or angle made by the 
tangents at the two ends of an interval; hence the lengths of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular areas 
with angular intervals of SO"*; + meaning too great, and - too 
small:— 
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Rule A, EiTor about — one-6,500tlL 

„ B, „ + one-4,000tL 

„ C, ^ + one-250th. 

With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

Rule D. For Area of SmaU Cwrvature.—ln fig. 16, let A B be 
the arc to be measured. Draw a 
tangent, A C D, and the chord AB; 
from B draw B C perpendicular to the 
I \ tangent, and B D perpendicular to the 

-c'^-i 2 

Fig. 16. chord; then A C + ^ C D is approxi- 

mately equal to the length of the arc. 

For a circular arc of 30^ the error of this rule is about 4- one- 
1,600th; and it vanes nearly as the fourth power of the angular 
interval 

Bulb K From a given Pointy to set off a given Distance along 
a Curved Line, — ^Take any convenient aliquot part of the given 
distance in the compasses, and make them step along the curve, 
from the given point, to find 9, first approximation to the other end 
of the given distance. Then take mlf that aliquot part in the 
compasses, and make them step along the curve to find a second 
approximation. Those two approximate points will both be too 
far ofL Take one-third of the distance between them, and set it 
off backtoa/rds from the second approximate point for the final 
appoximation. The errors are the same with those of Rule A 
itULB P. To reduce a ''Boiled Curve'* to a/n equal Circular 

Arc, — ^Let D E be a haae 

^ line of any figure, upon 

■^^^^ \ ^"""^ which a disc of any figure 

L^^'^^VN \ rolls; a point, B, in that 

' -^'^'^ • \^ I disc traces a "rolled 

curve," P B H. The 
rolling radius at any 

.j ^^ instant is the distance, 

^ ^ »^ B A, from the tracing- 

^*?- ^'- poipt, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions Multiply 
the series of rolling radii by the multipliers in Simpson's first rule 
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!cti'on L, Article 5, Eule A); add together the products ; divide 
ir sum by the sum of the multipliers; the quotient will be the 
m rolling radius. Then with the mean rolling radius describe 
rcular arc subtending an angle equal to the total angle through 
ch the disc turns in rolling; that arc wiU be nearly equal in 
th to the given rolled curva 

istances of the application of this to particular cases will be 
Q in Article 3 of this Section, Kule C, and in Articles 4 and 5, 
Circle. — ^The incommensurable ratio of the circumference of a 
B to its diameter is denoted by x. The following are approxi- 
ons to its value, of various degrees of accuracy : — 

Approximate Value of w. Error, aboat 

3-1415926536- + one-300,000,000,000tL 

3-141593- +one-9,000,000th. 

3-1416- +one-400,000th. 

355 

YYg- +one-13,000,000th. 

377 

J25- +one-40,000th. 

Tire"*" -one-13,000tL 

22 

y- +one-2,500tL 

the approximate value of x to 250 places of decimals, see 
ens de Haan on Definite Integrcds, 
or particular results, see Table 5. 

A Circafaur Arc may be measured by any of the general rules 
jrticle 1 of this Section; also by the following special rules: — 
X A. JB^ CcUculcUion. — Multiply «• by the ratio which the arc 
s to a whole circle. 

uiiE R JBy CoTistruction. — In ^g. 18 let C be the centre of 
circle, and AB the arc to be 
mred. Draw the tangent A "..^ j 
erpendicular to A C. Produce * **"" 

to D, making A D = 3 A C. 
w the straight line D B E, 
Lng the tangent in E. Then _ 
straight line A E is nearly " Fig. 18. 

I to the arc A B. 

ho result of this rule, for an arc of 30®, is too small by about 
2,300th ; and the error varies nearly^as the fourth power of the 
e subtended by the arc. By subdividing an arc, this rule may 
lade to measure it with any required degree of accuracy. 
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Rule C. To Construct a Circvla/r Are netvrly equal to a gum 
Straight Liney and mbtending a given Angle. — In fig. 19 let P Q be 
the given straight line. Construct the triangle P Q B,, in which 

Q is a right angle and P 
the complement of the 
given angle; so that R 
Ih the given angle itselt 
Bisect the hypothenase^ 
P R, in S, about which 
point describe a circukr 
arc traversing P and Q. 
Divide that arc into an 
even number of equal 
intervals; measure the 
distances from its two ends and from tlie points of division to the 
point R; multiply those distances in their order by Simpson'i 
Multipliers (Section I., Article 5, Ride A) ; divide the sum of the 
products by the sum of the multipliers; the quotient will be the 
radius R T, with which is to be described the arc T U, subtending 
the angle P R Q, and approximately equal to the straight line 
PQ. 

The error of this rule is about + one-2,500th for angular inte^ 
vals of 30°; and it diminishes somewhat feister than the fourth 
power of the inten^al. 

4i JBlUpUe Arc— To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant ci an 
ellipse whose semi-axes OA 
and O B are given. 

In ^g. 21 draw a straight 
line, in which take E F = B 
and F G = O A. Bisect it in 
H ; and about that point, with 
the radius H F = H K = 

O A - O B , ., . , 

s , describe a drda 

Mark the points e and d in 
that circle, by laying off Ec = 
OCandErf= OD. 

Then divide the arc ccf into 




Fig. 20. 



J.UCU UXVXUO UIIO ttlTJ cu i"«w 

an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in tiieir order by 
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Simpson's multipliers (Section L, Article 5, Rule A); divide the 
sum of the products by the sum of the multipliers j the quotient 
^rill be the fuditis of the required circular arc 




Fig. 2L 



Then in fig. 30 describe a circle about O with the radius O A ; 
through C and D draw straight lines parallel to O B, cutting that 
circle in F and A ; join O P, O A ; and about the centre, O, with 
the mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O P, O A ; this will be tJie 
required circular arc approodmately equal to the elliptic arc G D. 

The circular arc may then be measured by the rules of Article 3 
of this Section. 

The followiDg are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so : — 

Major Minor T.-«Irt?#-«». Approxlmftte w«^«. 

8eini-»xl» Semi-axis Eooantridt^. rS^^ Length *^"» 

OA. OR ' ifffieef byBulo. + 

I -7071 -7071 1-3506 1-3538 '0032 

I '8000 '6000 1*4184 1*4195 'OOII 

I -8660 '5000 I '4675 T'468i '0006 

6. Cmmmmn Panbola.— In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Rule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
pendicular B G, and measure the lengths of those lines. Call A 
the bascj and B C the heiglU. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the sloping 
tangent. 

^vide the square of the base by four times the height Call this 
the focal distance. 
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To tHe sloping tangent add the height ; divide the sum by 
the base; take the hyperbolic logarithm of the quotient. Mult 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be 
required arc.* 

6. €mumm*j, — ^In fig. 22 the horizontal straight line through * 
the directrix of the catenary; 
vertical line O A is its parameter 
which all its dimensions depend: 
is the vertex^ or lowest point of 
curve; B another point; X B a 
tical ordinate from the dii*ectrij 
the point B; O X the correspc 
ing ahdssa, or horizontal disti 
from O. 

Hulk A.— Given, O A and X B; to find the arc A R 
By construction : — On X B as a hypothenuse construct 
right-angled triangle X T B, making X T = O A; then 
T B = the arc AB. (T B is a tangent to the curve at R) 
By calculation :— A B = J (X B^ - O A^). 
Rule R— The area 0ABX=0AxarcAB = 2xtria 
XTB. 
Rule C— Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithm of 
quotient (see Table 3), and the reciprocal of that antilogarithm 
For the ordinate A B, multiply O A by the half-sum of 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-difference of 
same quantities, t 

Addendum to Section I. 

A PiatMMeter or PiaHimeter is an instrument for measa 
plane areas on paper. A point is made to travel round 

♦ In aymbola, let A C = «, C B = y, and the arc AB = *. Then 

•=Y^(y« + -4)+47-i^ypiog. — "^ i< 

2 

fin symbols, let O A = «i; O X = «; X B = y; arc A B = #; then 

a«./,.. = .,= -!(^£_-£); 
sc = m • hyp. log. ^ . 
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boundary of the figure to be measured; and when that point has 
retomed to the spot from which it started, the area enclosed by 
the boundary is indicated on one or more graduated circles. The 
aimplefit instrument of this kind is Amstler's. 



Addendum to Section IV. 

Veetiflcattem wf Carres by an lastrameau — An instrument for 
rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 

rdle is a shoulder, to limit the motion of the wheel in that 
ction. 
The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to ran along the curve in such a direction 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
from which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
^ven curve. 

Section V. — Centres op Magnitude, 

By the magnitude of a figure is to be understood its length, area, 
or volume, according as it is a line, a surfsice, or a solid. 

The Centre ofMcLgndtude of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts firom that plane.* 

1. Sraiiaeiricai Figare.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figui*e is in that 
plane; if the figure is symmetrically divided in the like manner 
by two planes, the centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
, three planes, the centre of magnitude is their point of intersection ; 
Mid if a figure has a cerUre offigwre (for example, a circle, a sphere, 

. * The centre of mamitude of an uniformly heavy body is the same with 
^ ondre qf gravity; m. which point mention will again be made further on. 

The geometrical moment cf any figure relatively to a given plane is the 
P^Qct of its magnitude into the perpendicular distance of its centre from 

that plane. 

*^ G 
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an ellipse^ an ellipsoid, a parallelogram, &c.), that point is its oentie 
of magnitude. 

2. €«mpoiiHd Fignre.-— To find the perpendicular distance from a 
given plane of the centre of a compound figure made np of parte 
whose centres are known. Multiply the magnitude of each pait 
by the perpendicular distance of its centre from the given plane; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or n^ative 
sum is the greater; this is the resultant moment of the compound 
figure relatively to the given plane; and its being positive or n^a- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centre of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to eac^ 
other; for example, one horizontal, and the other two cutting eacL 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. Componnd Figure of Tw« Parts. — Let a compound figure, as 
in &g, 23, consist of two parts, and 
let their separate centres, A and 6» 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other purt; 
and C will lie in the straight line 
AB. 

^'S' 23. pn symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 
then 




BAB _ A-AB 

^^= aTb"'^^-aTb^ 



] 



4. Conponiid Figure formed by Snbtractioii. — From the larger 
figui'e in fig. 24, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B A The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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magnitude of the part taken away^ and divide by the magnitude of 
the remaining figure. 

[In eymbols, let A be the magnitude of the original figure, 
B that of the part taken away, and A — B that of the remaining 
figura Then 



CA 



B'B A "] 
" A-B J 



5. Wigmr9 €3kmu99d by SUAIh* a Part.— In ^g. 25 let C be the 

original position of the centre of a figure; let the figure be changed 




Fig. 24. Fig. 25. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifbing part of it; and let A be the original 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A B. Through C draw C D 
parallel to and pointing in the same direction with A B; and 
make 

p p. _ A B X magnitude of part shifted ^ 
"" magnitude of whole figure ' 

D will be the new position of the centre of the figure. 

6. Anj Plane Araa. — To find, approximately, the centre of any 
plane area. 

BuLE A. — Let the plane area be that represented in ^g. 3 (of 
Section I., Article 5, preceding). Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate the area, as 
in Section I., Article 5. 

Then multiply each breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section I., Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the fnomerU of the original figure relatively to a plane jjer- 
pen'^icular to A X at the point A 
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Divide the moment by the area of the original figure; the quotient 
will be the distance of the centre required fix)m the plane perpen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicular to A X), and by a similar 
process find the distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre will then be 
completely determined. 

Rule B. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermediate points of 
division, instead of at one of its ends, may be computed as follows:— 
Take separately the moments of . the two parts into which tiiat 
plane divides the figure; the required centre will lie in the part 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultant moment of the 
whole figure, which being divided by the whole area^ the quotient 
will be the distance of the required centre from the plane of 
division. 

Bemabe. — When the resultant moment is = 0, the centre is in 
the plane of division. 

Rule C. — ^To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
"Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the greater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, or by | of the common 
interval if Simpson's second rule is used; the product will be 
the resultant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Any Solid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The rules of this Article are expressed in symbols as follows : — ^Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and xq and 2^0 the per- 
pendicular distances of the centre of magnitude of the area from the same 
planes; then 

(A) »o ^-^^^^il; (B) y, = ^I^f^. 
JJdxdy JJdxdy 
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aedUmal areas for breadths; then divide the moment by the volume 
(as found by Section III.^ Article 5); the quotient will be the 
required distance. 

To determine the centre completely, find its distances from three 
planes, no two of which are paralleL In general it is best that 
those planes should be perpendicular to each other. 

8. Amj €«nre«i Use. EuLB A. To find approxvnuxUly ike 
Centre of Magnitvde ' of a very 
FUU Curved Line, — In fig. 26 let 
A D B be the arc. Draw the 
straight chord A B, which bisect 
in C; draw G D (the deflection of 
the ait5) perpendicular to A B; from D lay off D E = J C D ; E 
will be very nearly the centre required. 

The error of this process is about t^ of the deflection for a 
circular arc of 60**; and its proportion to the deflection varies 
nearly as the square of the angular extent of the arc. 

HuLE B. — When the Curved Line is not very fiat, divide it into 
very flat arcs; find their several centres of magnitude by Rule A, 
and measure their lengths by one of the rules of Section lY., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the rules of Article 2 of this Section. 

9. Special Fignres. I. TRIANGLE (fig. 27). — From any two of 
the angles draw straight lines to the middle 
points of the opposite sides; these lines will 
cut each other in the centre required; — or 
otherwise, — ^from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part from that line, 
commencing at the side. 

IL QuADBiLATEBAL (fig. 2S). — Draw the two diagonals A C and 
B D, cutting each other in E If the 
quadrilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and will itself be the centre. If not, one 
or both of the diagonals will be divided 
into unequal parts by the point E Let 
B D be a diagonal that is unequally 
divided. From D lay off D F in that 
diagonal = B E Then the centre of 
the triangle F A C, found as in the 
preceding rule, will be the centre required. 

ILL Plane Polygon. — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 
this Section. 




Fig. 27. 




Fig. 28. 
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IV. Pbism, or Cylinder with Plane Parallel Ends.— Find 
the centres of the ends; a straight line joining them will he the 
axis of the prism or cylinder^ and the middle point of that line will 
be the centre required. 

Y. Tetrahedron^ or Triangular Pyramid (fig. 29). — Bisect 
any two opposite edges, as A D and 
B C, in E and F; join E F, and 
bisect it in G; this point will he the 
centre required. 

VI. Any Pyramid or Cone 
WITH A Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cona From the axis cut off one- 
^'& 29. fourth of its length, beginning at 

the base; this will give the centre required. 

VII. Any Polyhedron or Plane-faced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Truncated Pyramid or Cone. — Find the respective 
volumes and centres of magnitude of the entire pyramid or cone, 
and o^ the part cut off; then find the centre of the remaining part 
by the rule of Article i of this Section. 

IX. Circular Arc. — In fig. 30 let A B be the arc, and C the 

centre of the circle of which it is part 
Bisect the arc in D, and join C D and A E 
Multiply the radius C D by the chord A B^ 
and divide by the length of the arc A D B; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A D B, fig. 30.— 
Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XI. Sector of a Plane Circular Ring. — In fig. 31, let C B he 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Rule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, fig. 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 




Fig. 30. 
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CAB, wHich, being taken from the sector, leaves the segment; 
then, by the rule of Article 2 of this Section, find the centre of 
magnitude of the segments 





Fig. 32. 

XIIL Parabolic Halp-Sbgment. — In fig 32 O A B represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — that 
is, parallel to a tangent at O. Make O D = f O A, and draw 
D C parallel to A B and = f A B; C will be the centre of magni- 
tude of the half-segment 

10. Centres Fensd by Parallel Pmjection. — By a parallel pro- 
jection of a plane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — that to every set of pan^aUd straight lines, 
hearing given proportions to each other in ilie original figwre^ there 
shaU correspond a set of parallel straight lines in the new figure, 
hearing the same proportions to each other. For example, — all 
triangles are pai-allel projections of each other; so are all triangular 
pyramids; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; so are all circular and elliptic cylinders; so are 
all cones. 

Rule. — The centre of magnitude of a phme or solid figure, which 
is derived hy parobUd projection from another figure, is the parallel 
prqfection of die centre of magnitude of the original figure. 

Remark. — It is to be observed that this rule applies neither to 
curved lines nor to curved surfisices, but only to plane areas and 
to solids. 

Example. — Elliptic Sector, O C D', fig. 33. Let O be the centre 
of the whole ellipse; A O A its greater, and BOB' its lesser axis. 
About O, with the radius O A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and D* 
draw E C C and F D' D parallel to O B, cutting the circle in 

• Because every ordinate of the ellipse, such as X Y', parallel to O F, 
bears a constant proportion to the corresponding ordinate X Y of the circle- 
vis., that of OB': OB. 
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C and D; join O C, O D; the circular sector C D will be a 
parallel projection of tLe given elliptic sector. Find, by Eul^ X 

of Article 9, the centre of magni- 
tude, G, of the circular sector; and 
through it draw G H parallel to 
B O. Then 

O B : O B' : : H G : H G'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tolame Swept by a IHvTias 
Plane.— Let the centre of magni- 
tude of a plane figure move alou^ 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the» 
direction of that path; the volume 
of the space swept through by the plane figure is the product of tho 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves hackwa/rday the volume 
swept by that part is to be subtracted from the volume swept bj^ 
the part that moves forwards, in estimating the volume swept bj^ 
the whole figura 




Fig. sa 



Addendum. 
Table 7. — Regular Polygons. 



No. 

of 

Sides. 



3 
4 

I 
I 

9 

lO 

II 

12 

13 
14 

;i 

20 
24 



Name. 



Triangle, or Trigon, . 
Square, or Tetragon, 

Hexagon, 

Pentagon, 

Hepts^on, 

Octagon, 

Enneagon, 

Decason, 

Hendecagon, 

Dodecagon...... 

Decatrigon,....! 

Decatetragon, 

Decapentagon, 

Deca^xagon, 

Icosagon, 

Icositetragon, 



Side = z. 



Semi- 
diameter. 



0-5774 
07071 
0-8507 
1*0000 

I '3066 
I '4619 
I -6180 
17747 
I •9319 
2X)893 
2*2470 
2*4049 
2*5629 
3*1962 
3-8306 



Area. 



0-4330 
I*000O 

17205 
2*5981 

3*6339 
4*8284 
6I8I8 

7*6942 

9*3656 

11*1962 

13*1858 

15*3345 
17*6424 
20*1094 
31*5688 
45*5745 



Semi-diameter = x. 



Side. 



1*73205 
1*41421 

1*17557 
IXXXXX) 

0*86777 

0*76537 

0*68404 
0*61803 

0*56347 
0*51764 
047863 
0*44504 

0*41582 
0*39018 

0*31287 
0*26105 
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The semi-diameter is measured from the centre of the polygon 
to an angle. 

To find the Side of a Regular Decagon by Constiruction, — In ^g. 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = ^ A B; join A C, from which cut 
off C D = C B; A D will be the side 
required. 

To find, very nea/rly, the Side of a Regvlxj/r 
Heptagon by Construction, — In ^g, 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parts, and take the point 
B at 89 of those parts from one end, and 111 
ftom the other end of A B. Join C D ; this 
vill be very nearly the side required, the error 
l)eiDg practically inappreciable. 




Fig. 34. 




Table of Rhumbs (see next page). 



31. 
30. 



27. 



21. 
20. 
19. 
18. 
17. 
16. 



Pointa Angles East 

N., 360° 00' 

N.6.W., 348 45 

N.N.W., 337 30 

N.W.6.N., 326 15 

N.W., 315 00 

N.W.6.W., 303 45 

W.N.W., 292 30 

W.6.1i;r., 281 15 

W., 270 00 

W.6.S., 258 45 

W.S.W., 247 30 

S.W.6,W., 236 15 

S.W., 225 00 

S.W.6.S., 213 45 

S.S.W., 202 30 

S.6.W., 191 15 

S., 180 00 



of North. points. 

0° 00', 0, K 

11 15, 1. N.6.R 

22 30, 2. KN.E. 

33 45, 3. N.E.6.N. 

45 00, 4. N.E. 

56 15, 5. N.K6.E. 

67 30, 6. E.N.R 

78 45, 7. E.6.N. 

90 00, 8. E. 

101 15, 9. E.6.S. 

112 30, 10. E.S.R 

123 45, 11. S.E.6.E. 

135 00, 12. S.E. 

146 15, 13. S.E6.S. 

157 30, 14. S.S.E. 

168 45, 15. S.6.E. 

180 00, 16. S. 



Quarter-point, = 2° 48' 45" 

Half-point, =5 37 30 

Three quarter-points, = 8 26 15 
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PAET 11. 

MEASURES. 
Section I. — Measubes of Angles. 

1. The SezagesiBiai Systein of angular measurement is as foil 
1 revolution = 4 right angles =360 degrees; 1 degree 
minutes; 1 minute = 60 seconda Seconds are usually 
vided into decimal fractions. As to circular measure^ see 
in the preceding part of this work. 

2. The Nautical or Binarjr system used in the Mariner's ( 
is as follows : — 1 revolution = 32 points, each divided into 
and quarters; 1 point =11^ degrees (see preceding page). 

3. The Centerimai System of angular measurement is as fol 
1 revolution = 4 right angles = 400 grades; 1 grade 
minutes; 1 minute = 100 seconds. This system is found 
French works published towards the beginning of the nin 
century, but is now abandoned. 

Section II. — Measures of Time. 

1. Sidereal Day.— The standard unit of time is the Sideke^ 
being the period in which the eai'th tiims once round on i 
It is divided into sidereal hours, minutes, and seconds; h\ 
measures of time are used by astronomers only. 

2. mean Solar Time.— A SECOND is the time of one swii 
pendulum adjusted so as to make 86,164-09 swings in a 
day. Seconds are usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAY = 24 hours = 1,440 minutes = 
seconds = 1*00273791 sidereal day. 

3. Yeawu— One TROPICAL YEAR = 365 days 5 hours 48 i 
49*7 seconds mean solar time, = 365*24224 mean sola 
nearly. 

One COMMON YEAR = 365 days. 
One LEAP YEAR = 366 days. 
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Tmn of ftft GwgoriMi C^liMrtir Di^s. 

l^nmber of year in the Chnstuui En — 

Not divisible bj 4 without renudnder, 365 

Divisible by 4, but not by 100, 366 

Divisible by 100, bat not by 400, ^ 365 

Divisible by 400 [but not by 4,000],* 366 

[Divisible by 4,000, 365]* 

4. Bmc% CHil Slid iifiBiMiirt The ciTil day is held (in 
Western Europe and in America) to oommenoe at midnights llie 
astroDomical day oommoices at nocm of the civil day ^ving the 
Huae designation; that is, twelve hours later than the dvil day. 
The dvil year is held to commence at midnight of the 31st of 
Beoember of the year preceding; the astrtmomical year commences 
at noon of the 1st of January of the civil year. 

5. gfihiri^M h t^ m v t m timii wid M^mmgftia§i^ — ^At any given instant 
the mean solar time at two stations differs by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the later. 

CORRESPOSDISG DiFPEBEXCEaL 



Loogitiida 


Tfrna 


LaneitiidflL 


Tbne. 


15" 


I second. 


75" 


5 houn. 


l' 


4 seconds. 


90 


6 ,, 


15' 


I minute. 


105 


7 » 


i« 


4 minutes. 


120 


8 » 


15^ 


I hour. 


135 


9 ff 


30 


2 hoursL 


150 


10 „ 


45 


3 ff 


163 


II ,, 


60 


4 » 


180 


12 « 



To show the exact date of any event, the meridian at which the 
^e is reckoned must be q^ecified. 

It is customary for civil and conmiercial purposes to reckon time 
at all places throughout Britain as for the meridian of Greenwich ; 
local mean solar time being found for scientific purposes, when 
required, by calculation. 

At stations dose to the two sides of the meridian of 180° there 
is necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
meridian being the later. The position of the meridian of ISO'' is 
PJUely arbitrary, depending on the position assumed for the meri- 
<^ of O"*, which is different in eadi different nation. 

6. BtTiiiMM mi the Tav«— Intervals in days firom the beginning 
of the first day of January to the b^inning €i the first day of eada 
of the other calendar months : — 

• llie rnles in biackots are an improvemciit propowd by Sir Joh^ 
vhich cannot oome into oper a t i on until ▲.n. 4000. 
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Common Year. Leap Year. 



January,... o o 

February,.. 31 31 

March, 59 60 

April, 90 91 

May, 120 121 

June, 151 152 



July, 181 

August, 212 

September, .... 243 

October, 273 

November,.... 304 

December,.... 334 



Common Year. Leap Tear. 

182 

213 

244 

2)4 

335 



A so-called ** lunar" month is four weeks, or twenty-eight 
days.* 

Section III. — Measures op Length. 



1. The British standard iTard is the distance, at the temperature 
of 62° Fahrenheit, between two mai'ks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French ifietre is the distance, at the temperature of the 
maximum density of water (or 4® Centigrade nearly), between two 
marks on a certain bar kept in the French Archives, and is approx- 
imately one ten-millionth part of the distance from one of the 
earth's poles to the equator. J The use of this measure, and others 
founded on it, is lawful in Britain, and a copy of the standard metre 
is kept in the Exchequer office. 

3. British nieaanrea of Xjengtli. — 





Lichea. 


Feet 


Yards. 


Statute Miles. Metre& 


Inch§ 


= I ! 


= T^ 


= b\ 


= ffJihf = o'02539954 


Hand 


4 


i 


t 


TFiTTT 0-10159816 


Foot 


12 


I 


i 


ttAtt 0-30479449 


"Yard 


36 


3 


I 


ttW 0-91438347 


Chain 


792 


66 


22 


^V 20-11643634 


Furlong 


7,920 


660 


220 


i 201-1643634 


Mile 


63,360 


5,280 


1,760 


I 1,609-3149072 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 

commonly into binary divisions, as halves, quarters, Sths, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 

lOOths, l,000ths, and 10,000ths. 

* A mean lunation, or real lunar month, is approximately 29i, or more 
exactly, 29 '53059 mean solar days ; 235 lunations nearly = 19 years, — a period 
called a lunar or Metonic cyde. 

+ See ** Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Koyal Observatory, Greenwich, 
the Rooms of the Royal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
dijfferent meridians. 

§ An inch is almost exactly one 500,500,000th part of the earth's polar 
axis. 



MEASURES OF EENOTH. 



93 



The Hand is used for heights of horses and girths of spars. 

The Foot is subdivided decimally by civil engineers. 

The Yaild, in Cloth Measure, is subdivided binarily, into 

halves^ quarters, half-quarters, and nails, or 16ths of a 

yard. An English Ell is 1 j; yard, or 45 inche& 
The Chain, in Land Measure, is subdivided into 4 poles or 

perches (each of 5^ yards) and 100 Unks (each of 7*92 

inches). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
yn. the dimensions of the earth, which are known approximately 
Dnly. The following are estimates of its value : — 



Mean length of one minute of 
longitude at the equator; 
being the nautical mile by 
Admiralty Kegulation, 

Mean length of one minute of 
latitude, 



Feet 
nearly. 

6,o86| 
6,o76i 



^mT MetjjBs 

nearly. ^®*'^- 

I 1528 1,855 



1-1508 1,852 



A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 fathoms; the fathom thus obtained being about one-80th 
part longer than the common fathom. 

4. FreMcli Btetrlcsl BteaMures •€ . 



Millimeti*e,... 
Centimetre,.. 
Decimetre,..., 

Metre, 

Decametre,... 
Hectometre,. 
Kilometre,.. 



Metres. 


British Measures. 


o-ooi 


= 0-03937079 inch. 


O'OI 




O'l 




I 


= 3-2808992 feet. 


10 




TOO 




1,000 


= 0-6213824 mile. 



Myriametre, 10,000 

The French noeud, or nautical mile, is the same with the 
British. 

5. Old Scottish and Irish neasares of XiCngth. — 

The Irish Perch = 7 yards = |4 imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = \^ 

statute mile. 
The Scottish Inch = 1-0162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37-06 imperial inches 

= 3-0883 imperial feet 
The Scottish Fall = 6 Scottish ells = 18-53 imperial feet 
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The Scottish Mile = 320 fells = 1,920 ells = 5,929-6 
feet = 1-123 statute mile. 

Each of those miles was divided into 8 furlongs, 
chains. 

As to Scottish measures, see Buchanan's Weights and Jk 
Edinburgh, 1829. 

6. TariovB Oleasvres •f Ijeagth* — 



United States, as in Britain. 
India — 
Hath or hant (cubit), 

Coss (mile) = 4,000 cubits,... 

KussiA — 

Foot = 12 inches, 

Sashen or sag^ne, 

Veret (600 sashen), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Kuthe (rod) = 12 feet, 

Mile = 24,000 feet, 

Austria — 

Foot = 12 inches, 

Klafter = 6 feet, 

Mile = 24,000 feet 

Grerman geographical mile, ... 

Grerman sea-mile, 

Sweden — 

Foot =» 12 inches, 

Fathom = 3 ells = 6 feet,. 

Mile » 6,000 fathoms, 

Netherlands— 

Palm 

EUe, 

Myle, 

Belgium, Italy, Portugal, 
Spain— French Metric Mea- 
sures. 

China — 

Chih(foot), 

Chang = 10 chih, 

li = 180 chang, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, .. 



British MeasoreB. 



i8 inches. 
( 6,ooo feet. 
( = I "13^ stat mile. 

I foot. 
7 feet. 
3»Soo „ 

I •02972 foot. 
12*35664 feet. 
(24,713-28 
( = 4 '6806 stat. miles. 

1*03713 foot. 
6*22278 feet. 
124,891-12 

\ =4*142 stat. miles. 
4 geographical miles. 
I geographical mile. 



j 35»o6r6 



0*97410 foot. 
5 -8446 feet. 



6 '61 16 stat. miles. 



3*937079 inches. 
3*2808992 feet. 



( 3,280*8992" 

I =o*r 



6213824 stat.mil. 



I *o54 foot. 
10*54 feet 



j 1,897 feet 



0*3593 stat mile. 
1*06577 foot 
6*39462 feet 



He 
O" 

1,828 

O' 

2' 

1,066 

O' 

3 

7,532 

o 
I 

} 7,586 

7,408 
1,852 

o 
I 

j- 10,688 

o 
I 

1,000 



o 

3 

578 

o 

I 



For the measures of length used in various States of C 
fiee der Ingenieur, by Dr. Julius Weisbach. 



ICEASUBES OF AREA. 

Section IV. — Measures op Area. 
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1. British IHeasvres •f Axetu — 



Used in Sciencb and in Engi- 

innsEiNG — 
Sq. inch (decimally subdivided), 

llbot X 1 inch, 

Square foot (decimally or duo- 

dedmally subdivided), 

Square yard, 

Square mile, 

I^D. Measure — 



} 



Sq. chain (= 10,000 sq. links), ... 

Kood = 40 perches, , 

Aa% = 4 roods = 10 sq. chains, 
VssD IN THE Arts — 
Square (of roofing or flooring),...., 

I^ (face of masonry), 

M (fece of brickwork), 



Sq. InoheB. Sq. Feet 



I 
12 

144 

1,296 
Sq. Yards. 
3,097,600 

30J 
484 
1,210 
4,840 



36 



1 
IT 

I 

9 
27,878,400 

272J 
4-356 
10,890 
43.560 

100 

324 
272 



Sq. Metreai 

0-000645x37 
0*00774164 

0*0928997 

0-8360973 

2,589,895 

25-292 

404-671 

1,01 1 -678 

4,046711 

9-28997 
30-0995 
25-2687 



Flench Metric IHe 



nroi •f 



Science and 
Engineering. 


Land. 


Square Metres. 


British Measurea 


Sq. millimetre,... 




o-oooooi 


=0*00155006 s<j. inch. 


Sq. centimetre,.. 




o-oooi 


0-155006 Sij. inch. 


Sq. decimetre,... 





001 


15-5006 sq. inches. 


Sq. metre, = 


Milliare, 


o-i 


1-07643 sq. foot. 


Centiare, 


i-o 


10-7643 sq. feet. 




Declare, 


10 


107-643 sq. feet. 


Sq.decametre,= 


Are, 


100 


1,076-43 sq. feet. 




Decare, 


1,000 


10,764-3 sq. feet. 
107,643 sq. feet -2-47 1 14 acres. 


8q.liectometre,= 


Hectare, 


10,000 



^' Old Scottiali and Irish Xiavd llIeaniTes.- 
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-Irish acre = 4 roods = 



160 perches = 70,560 square feet = Y^, or 1-6198 imperial acre. 

Scottish acre = 4 roods =160 falls = 54,937 square feet = 1-2612 
^Periai aci-e. 
4« Tariom Measures •£ Area.— 



Jwrn) States, as in Britain. 



Square foot =144 square in.,. 
Square sashen = 49 square ft., 

De88atine=2,400 sq. sashen,. 



British Measures. 

I square foot. 
49 square feet. 
\ 117,600 „ 
( =2*69977 acres. 



Square Metres. 



0-0928997 
4-55208 



10,925 
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Vabious Measubes 07 Area.— continued. 



Prussia, Denmark, IS^orw ay — 
Square foot » 144 square in. , . 
Square ruthe = 144 square ft., 

Morgen= 180 square ruthen, 

Austria — 
Square ft. = 144 square in.,... 
Square klafter = 36 square ft., 

Joch= 1,600 square klafter,... 

Sweden — 
Square ft. = 144 square in. , . . . 

TunnlaDd=56,000 square ft., 

Netherlands — 
Square elle, 

Bunder = 10,000 square ellen, 

Belgium, Italy, Portugal, 
Spain— French Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



Biitifiih Measures 

I '06033 sq. foot. 
152-6875 sq. feet. 

/ 27,48375 

(. =0-63094 acre. 

1-07564 sq. foot. 
38723 sq. feet, 
f 61,957 „ 

I =1*47366 acre. 

0*94887 sq. foot. 
/ 53.13672 sq. feet. 
< =1*21977 acre. 

10*7643 sq. feet, 
f 107,643 
l =2*47114 acres. 



1*13585 sq. foot 



Square Metrei. 

0*09850 
141-85 

; 2»553'3 

0*09993 
3*5975 
} 5,756 

0*08815 
} 4,936-4 



} 10, 



IXXXXX) 

000 



0*10552 



Section V.— Solid Measures. 



1. British 80IM nieaaarea.-— 



Cubic inch (subdivided decimally), 

1 footxl inchxl inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard 

Load of hewn timber, 

Rood of masoniy (=36 square yards 

face X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders* old measurement,... 



Oubic Inches. Onbicft. 




1 

T7 

I 

27 
50 

648 
306 

35 
100 

94 



Cubic Metres. 

0*000016386 

0*00019663 

ox)023596 

0*0283153 
0*7645131 
1*415765 
18*348 

8*664 
0-9910355 
283153 
2*66164 



SOLID 1IEA8UBI8— WEIGHTS. 
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1. — Vwnuih metric Solid 



Seienoeand 
En^neering. 

Ghilnc miUimetre, 
Cubic centimetre, 
Calnc decmietres 



Cable metre..... =B 
Cubic decametre=^ 



Trada 



Mllistere, 
Gentifltere, 

Decistere, 

Stere, 
Decastere, 
HectoBtere, 
Kilostere, 



Cubic Metres 
0*000000001 

O'OOOOOI 

o-ooi 

O'OI 

o*i 
i-o 

lO 

lOO 

I.OOO 



BritiBh MeMuroB. 

0*0000610271 cubic ixL 
0*0610271 y, 

61-0271 „ 

610-271 „ 

(6,10271 „ 

i = 3 '53 1 66 cubic feet. 
35-3166 
3S3-J66 
3iS3I*66 
35i3i6-6 „ 



3. Twrimis Solid JHo 

United States, as in Britain. 

BussiA, cubic foot, 

Prussia, Denmark, Norway, cubic ft, 

Austria, cubic foot, 

Sweden, cubic foot, 

Netherlands, cubic elle, 

Belgium, Italt, Portuoal, Spain — 

French metric measures. 
Old French cubic foot^ 



BdtishOiibioFeet 

I* 

1*09184 

1*11557 



35 



""'ITd 



I '21056 



OaMcMMres. 

0*0283153 

0*03092 

0-03159 

0-02617 

1*00000 



0-03428 



Section VI. — Measubes op Weight. 

1. The stavdaxd Powad Aroirdvpois is the weight, at the temper- 
ature of 62® Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at Westminster. 

2. The Standard Kilograaime is the weight, at the temperature 
of the maximum density of water (about 4° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in' Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Miller's paper "On the Standard Pound" in the PhUoaopMcaZ 
Transactions for 1856. 

* The kilogramme was at first intended to be the weight of a cubio 
decimetre of pore water 1^ its maximum density; but it is in iiAct about 
if,,^^ part law. 

H 
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3. Brltlali IleaMnrM •f Weight. 



AVOIBDUPOIS WmOHT— 

Dram, 

Ounce =s 16 drams, 

Pound = 16 ounces, 

Stone, } 

Quarter = 2 stone, 

Cental, 

Hundredweight = 8 stone 

Ton = 2cwt, 

Troy and Apothscabies' 
Weight — 

Grain, 

Scruple ( Apoth.), 

Fennyweignt (T^oy), 

Drachm (Apoth.) = 3> 
scruples / 

Ounce = 20 dwt > 

= 8 drachms,.) 

Pound = 12 oz., 

Diamond Weight — 

Diamond grain, 

Carat = 4 mamond grains, 

4. French IHetric Hie 



Graina. 

27-34375 
437*5 

'fOOO 

Ton. 

0*00625 

0*0125 



0-05 
I 

Graiiia 

I 
20 
24 
60 



LtM. 

AT<drdiiI)OiB. 

0*00390625 
0*0625 

I 

14 

28 

100 

112 

2,240 



480 
5,760 

0*8 
3*2 

Mires •r Weight. — 

Grammea 



000285714 
0*003428571 

0*00857143 

0*06857143 

082285714 



Graixixn6& 

177184^ 
28-349541^ 
453*5926525 
6,350*297135 

12,700-59427 
451359*26525 
50,802*37708 
1,016,047-5416 



0106479895 

1-295979 

1*5551748 

3887937 

31-103496 

373241952 

0-05183916 
o 20735664 



o*ooi 
o*oi 
0*1 

i*o = 

10 

100 

1,000 = 

10,000 

100,000 

1,000,000 = 



Milligramme, 

Centigramme, 

Decigramme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mynagramme, 

Quint^ 

Tonneau (in shipbuild-) 
ing) or millier, f 

5, TariovB SEeamrei of Weight. — 

United States, as in Britain, with the 
following exception: — 

Quintal, 

BussiA— 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds, ... 
German Zollverein, Denmark, Nor- 
way — 

Pound, 

Centner = 100 pounds, 

Austria — 

Pound = 32 loth 

Centner = 100 pounds...... 



British Measures. 



15*43234874 grains. 
2*20462125 lbs. avoirdupois. 

0*9842059 ton. 



British Measures. 

100 lbs. 

0*90283 
361*132 



I '1023 1 
110*231 

12346 
123*46 



Grammes. 
45,359-26525 

163,808- 



500* 
50,000- 

560*012 
56,001*2 



MEASUBE8 OF WEIOHT— OF CAPAdTT. 
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Vabious Msasubbs ow WmQBT— continued, 

Britlah MeasoroBL 



BWKDSK — 

Skalpnnd = 32 loth, 

Skeppnnd = 400 skalpund, 

KXTHBBLANDS — 

PoDd = 10 OncenalOO Looden=: 1,000 

Wigtjes. 

Bkloivm, Italt, Spain, Pobtuoal — 

French Metric Measures. 
China — 

Gin or Catty = 16 tael or lyang, 

Picul = 100 catties, 



0-9377 
375-08 

2*20462 



i^ IK avoir. 
133* ». 



GnutniDM. 

425*3395 
170,135-8 

1,000' 



60479 
60,479. 



Section VII. — Measures op Capacity. 



1. The SiaiidiaMl Ga]l«B is the volume of 10 lbs. avoirdupois of 
pure water^ at the temperature of 62° Fahrenheit, and under the 
atmon)heric pressure of 30 inches of mercury. At that tempera- 
tare the volume of water is 1*001122 times its minimum volume. 

2. The 9imm4mrd MAtn is the volume of a kilogramme of pure 
water^ at its temperature of maximum density (about 4° Centigrade), 
and under the atmospheric pressure of 760 millimetres of mercury. 
It was originally intended to be a cubic decimetre, but is about one 
120,000th part less, or 0*999992 cubic decimetra 

3. Bvltiali BtcaMires •f Capneitj, — 



GOl,.... 
Pint 
Quart 
Pottle 



4 gills, 

2 pints,.... 
2 quarts,. 



Gallon = 2 pottles, . 



Peck 

Bushel = 
Quarter = 



2 gallons,.. 
4 pecks,.... 
8 Dushds, . 



GaUons. 

0103125 
0*125 
0*25 
0*5 



2 

8 
64 



BritiBh SoUd Measare, 
nearly. 

8*660 cub. inches. 

138-5615 

277123 » , * 

=0*160372 cub. foot. 
0*320744 „ 
1*282976 „ 
10*263808 cub. feet. 



Lttrea. 

0*141907 
0*567628 

1-135255 
2*27051 



4*54102 

9*08204 

36*32816 

290*02528 

A tun of ale r= 2 butts = 4 hogsheads = 216 gallons = 980*86 
litres. 

A ton of sea-water = 35 cubic feet = 218^ gallons nearly = 
991*04 Htres. 

Apothecabiss' Fluid Measure. — 

Minim = 

Fluid drachm = 60 minims, 

Fluid ounce = 8 fluid drachms, 

Pint = 16 fluid ounces, 

Gallon a 8 pints, 



Cubic Inches. 

0*00376 
0*2256 

£*?^47 

28*8750 

231*0000 



litres. 

0*0000616 

0*003697 

0*029572 

0-473154 

3785235 



* This is the correct volume of 10 lbs. of pure water at 62® Fahr., and is 
therefore the true value of a eallon in cubic inches. By a former act of 
Parliament, since repealed, a gulon was declared to be 277 -274 oubio inches. 



100 



lOBASUREa 



4 Frencli Iletrle '. 



MilUHtre,... 
Centilitre,... 
Decilitre,.... 

Litre, 

Decalitre,... 
Hectolitre,.. 
Kilolitre, ... 
Myrialitre,. 



litrea Gubio IhcheB. 



O'OOI 
O'OI 

O-I 
!• = 

lO 

ICX> 
1,CXX) 

10,000 



61*0266 



5, Tari«vs IHe 



■re« •f Capacity* — 

United States, as in Britain. 
KussiA— 

Yedro = 10 kraschki = 750*568 cnbic incheft => 

Prussia— 

Quart or Viertel ( = 64 Prussian cubic inches), 

Oxhoft = li ohm = 3 eimer = 6 anker = 180 quart, 

Tonne = 4 scheffel s 64 metzen => 192 viertel, 

Austria — 

Maass = 40 seidel = 80 pfiff = 0*0448 Austrian} 
cubic foot, i 

Eimer = 40 maass, 

Sweden — 

Xann ( = 0*1 Swedish cubic foot), 

Am =s 60kannar, 

Netherlands— 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pints = 16 chopins s 32> 
mutchkins = 128 gills, > 



Gonooft 



0*220215 



QftUons. 
2*70843 

0*25215 
45*387 
^•413 

0*3116 
12*464 

0*57635 
34-581 
0*220215 
30651 



Utrea. 
12*299 

1*145 

206*I 

219*84 

1*415 
56*6 

2*617 

157*02 



13*9x87 



Section VIIL — Measures op Value. 

1. The FlveneM •f Gold and Silver Coins means the proportiou 
of the precious metal which they contain, and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carcUs, or 24ths of their total weight. 

The fineness of British gold coins is 22 carats, or 0*916|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0*900. 

2. The Ponnd Sterling is the value of the 

pure gold in a sovereign, viz., 113*001 grains. 

The alloy in a sovereign consists of copper,... 10*273 « 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*916|. 

Least legal tender weight, 122*75 „ 

Current weight, or least weight received at 

par at the Bank of England^.. 122-5 n 
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3. The Fmae is the value of 4*5 grammes of pure silver; which 
being alloyed -with 0*5 gramme of copper, the full weight of the 
coin is 5 grammes. The fineness is 0*900. The Italian IjIm is 
equal to the firanc in weighty fineness, and valua 

4. The German VmI^b Hollar (Yereinsthaler) is the value of -^ 
of a ZoUpfund f = ^ of a kilogramme, or 257*2 grains) of pure 

silver, to which is added r of its weight of alloy, the fineness 

being 0-900. 

5. The Caaipanitlve Tahie of moneys in different countries 
fluctuates with the rate of eacchomgey and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For fuiiher information, 
reference may be made to M'Culloch*8 Commercial Dictionary ^ and 
KeUy*8 Univereal GaoMet. 



£ Sterling. 
1*00000 



British Pound sterling = 20 aliUlinga \ 

= 24,0 pence zn 960 farthings, J 

French and Belgian Franc = 100 ) 

centimes = Italian lira, j 

American Dollar = 100 cents, 

Russian Evble = 100 kopeks, 0*15625 

German rertftTU^Ao^er (Union Dollar), ) 

s= Prussian thaler = 30 sUberg- 

roschen= 360 pfennige, 

Austrian Gulden (Florin) = | vera- 

insthaler = 100 neukreutzer, 

South German GtUden (Florin) =* 

Lverdnsthaler = 60 kreutzer = 
Opfennige, 

Netherlandish GtUden, Guilder (or 
Florin) = 100 cents, 

Danish Bigsbankdaler = 96 skil- 
ly, , 

Norw^ian Spediesdaler ss 120 skU- 
iing, 

Swedish Biksdaler =^100 ire {species- 
daler = 4 riksdaler), 

Portuguese Milreis = 1,000 reis, 0*2354 

Spanish Dura (Dollar) = 20 redles, 0-2083 



003965 
0*20548 



0*14493 

0*09662 

0*08282 

0*08333 
0*10984 
0*21968 
0*05479 



British Indian Eupee = 16 a/nnas = ) 
192 pice {lac = 100,000 rupees),... j 



0*0927 



Francs. 
25*220 

1*000 
6-182 

3*941 
3*^55 



2-437 



2*089 



2*102 
2*770 
5540 

I -382 

S-937 
6*254 

2338 
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Section IX — Measures of Speed, HEAYmEsa, Pbessub^ 
WoBK, AND Power. 

1. Speed or Teiocitf of advance is expressed in units of Iengih| 
per unit of tima 







lliles 
per hour. 


Feet Feet 
per seoond. per minatei 


Feet 
per hour. 


I 

o-68i8 


= 1-46 =88 

= !• =60 = 


5280- 
3600 


0-01136 


= o-oi6 = I = 


60 


0-0001893 
1 nautical mile"^ 
per hour, orv =1-1508 
"knot," , 


= 0-00027 = o'Oi6 = 
= 1-688 = 101-275 = 


1 

6o76i 



The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same with those 
amongst their linear measures. 

2. Speed ef Tamtag^ or Aagnlar Telocitj* is expressed in turns 
per second, per minute, or per hour, or in circular measure per 
second. 

To convert turns into circular measure, multiply by 6-2832 
To convert circular measure into turns, multiply by 0-159155 

Comparison 0/ Different Measwrea ofAngrdoiflr TdocUy. 

Circular Measiire Toms Tnnui Tnms 

per second. per second. perminnte. per hoar. 

I 0-159155 95493 572-958 

6-2832 I 60 3600 

0-10472 o-oi6666 I 60 

0-001745 0000277 o*oi66(J I 

3. HeaTineM is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Specific oraTiiT is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is 62^ Fahr., and in France tiie 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
the cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 



MEASUBES OF PBESSUBE— OF WORK. 103 

4. The iBteaattf •f PtcMmw is expressed in units of weight on 
the unit of area, as pounds on the square inch, or kilogrammes on 
the square metre; or hj the height of a column of some fluid; 
or in cUmospkerea, the unit in this case being the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in which 
the intensities of pressures are commonly expressed. 

Pounds on the Ponnda on the 

square foot square inch. 

One pound on the square inch,.... 144 i 

One pound on the square foot, i tH 

One inch of mercury (that is, weight 

of a column of mercuiy, at 32° 

Fahr., one inch high), 707275 0'49ii63 

One foot of water (at 39^-1 Fahr.), 62425 o*4335 

One inch of water, 5*2021 o'036i25 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,1 16*3 14*7 

One foot of air, at 32° Fahr., and 

under the pressure of one atmos- 
phere, 0*080728 o"ooo56o6 

One kilogramme on the square 

metre, 0*20481 o"ooi42228 

One kilogramme on the square 

millimetre, 204,810 1,422*28 

One millimetre of mercury, 2*7847 0*01934 

Comparison of Heads of Water in Feet, wUh Pressures in 

Various Units. 

One foot of water at 52°*3 Fahr. = 62*4 lbs. on the square foot 

,, „ o*4333 lb. on the square inch. 

„ „ 0*0295 atmosphere. 

j^ „ 0*8823 inch of mercury at 32°* 

( feet of air at 32°, and 
»» " « '3' I one atmosphere. 

One lb. on the square foot, 0*016026 foot of water at 52^*3 

Fahr. 

One lb. on the square inch, 2 *3o8 feet of water. 

Oneatmosphere of 29*922 inches > 

of mercury, / ^3 9 

One inch of mercury at 32°, i*i334 » » 

One foot of air at 32°, and one ) ^.^^^^^^ ^^ 

atmosphere, J 

One foot of average sea water, i -026 foot of pure water. 

5. WMk is expressed in units of weight lifted through an unit 
of height; as in lbs. lifted one foot, called foot^wnds; or 
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kilogrammes lifted one metre^ called h^ogra/mimd/rtB. (See Section 
XL of this part) 

A kilogrammetre is 7*23314 foot-ponnds. 
A foot-pound is o'l 38253 kilogrammetra 

6. P«wcr is expressed in units of work done in an nnit of time; 
as in foot-pounds per second, per minute, or per hour; or in 
conventional units called horse-power. 

One HoT8&-Pou)€r, British measure, = 550 fL-lbs. per second 
= 33,000 ft -lbs. per minute = 1,980,000 ft. -lbs. per hour. 

One ** Force de ChevcU,** French measure, = 75 kilogrammetreB 
per second = 542^ ft-lb& per second nearlj = 0*9863 
British horse-power. 

One British horse-power = i'oi39 force de cheval. 

7. The Statical ]ii«ment of a given weight relatively to a ^ven 
vertical plane is the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Compariaon 0/ Measures of Statical MomenJt. 

Inch-lb. =: , 0-011521 

12 =s I Ft-lb. = 0-138253 

112= 9i= ilnch-cwt= 1*29036 

1,344= 112 = 12=: I Foot-cwt. = 15*4^43 

2,240= 186}^ 20= if= I Inch-ton = 25*8072 

26,880 = 2,240 = 240= 20 = 12 = I Foot-ton = 309*687 

8. Abaoiate Units •f Force.<-The << Absolute Unit of Force" is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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tie same but for the variation of the force of gravity in the 
iatitade. Oiavitj is about z-00017 times greater in London than 

in Paris. 



Section X.— Measures of Heat. 

1. TcMpcnUnrey or, InUmaUj •f Heat* — 

Boflmg point Of water) « ,^. 8o» 

under one atmosphere, j 
Melting point of ice, 3a® o** o« 

^^t^Tik."^?!! } '^^"*- *'''■' - »?*° - "5°-^) 

9** Fahrenheit = 5" Centigrade =: 4" E^aumur. 

9 
mp. Fahr. = - Temp. Cent + 32- 

Q 

83 J Temp. lUanm. + 32o 

mp. Cent = ^ (Temp. Fahr. -i- 32°) = ^ Temp. R^um. 

4 4 

mp. R^aum. = g (Temp. Fahr. — 32°) = g Temp. Cent. 

2. <|mmtltle« •f Heat are expressed in units of weight of water 
ited one d^ree; as in pounds of water heated one degree of 
hr. (the British unit of heat) : or in kilogrammes of water 
ited one degree Centigrade (the French unit of heat). 

DO French unit of heat (called Calorie) = 3*96832 British units, 
ae British unit of heat = 0*251996 French unit& 

Quantities of heat are sometimes also expressed in unita of 
\por(Uion; that is, units of weight of water evaporated under 
) pressure of one atmosphere. 

Seat which evaporates one lb. \ 

of water under one atmos- > =966*1 British units of heat 

phere, ) 

H«it which evaporates one) ^ j. ^^ ^j^ 

Kilogramme of water, / °^ ' ■^*''""' "^^ "^ *"^'* 
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CoMPABATiyE Table of Scales of Temperatubk 



Fahr. 



Cent 



Fahr. 



Cent B^nm. 



-58 


-50 


-40 


3" 


155 


124 


680 


360 


388 


-49 


-45 


-36 


320 


160 


128 


689 


365 


39a 


-40 


-40 


-32 


329 


165 


132 


698 


370 


296 


-31 


-35 


-28 


338 


170 


136 


707 


375 


300 


-23 


-30 


-24 


347 


175 


140 


716 


380 


304 


-^3 


-25 


— 20 


356 


180 


144 


72s 


385 


308 


- 4 


-20 


-16 


36s 


185 


148 


734 


390 


3" 


+ 5 


-15 


— 12 


374 


190 


152 


743 


395 


316 


14 


— 10 


- 8 


383 


195 


156 


752 


400 


3»o 


23 


- 5 


- 4 


393 


200 


160 


761 


405 


ZU 


33 








401 


205 


164 


770 


410 


3»8 


41 


+ 5 


+ 4 


410 


3 to 


168 


779 


415 


33» 


50 


10 


8 


419 


215 


172 


788 


420 


33« 


59 


15 


12 


428 


220 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 


806 


430 


344 


77 


25 


20 


446 


230 


184 


815 


435 


348 


86 


30 


24 


455 


235 


188 


824 


440 


35» 


95 


35 


28 


464 


240 


192 


833 


445 


35« 


104 


40 


32 


473 


245 


196 


842 


450 


360 


"3 


45 


36 


482 


350 


200 


851 


455 


364 


122 


50 


40 


491 


255 


204 


860 


460 


368 


131 


55 


44 


500 


260 


208 


869 


465 


37» 


140 


60 


48 


509 


265 


212 


878 


470 


376 


149 


65 


52 


518 


270 


216 


887 


475 


380 


158 


70 


B6 


527 


275 


320 


896 


480 


384 


167 


75 


60 


536 


280 


324 


905 


485 


388 


176 


80 


64 


545 


285 


338 


914 


490 


39» 


185 


85 


68 


554 


290 


232 


923 


495 


39« 


194 


90 


72 


563 


295 


236 


932 


500 


400 


203 


95 


76 


57a 


300 


240 


941 


505 


404 


212 


100 


80 


581 


305 


244 


950 


510 


408 


221 


105 


84 


590 


310 


248 


959 


515 


412 


230 


no 


88 


599 


315 


252 


968 


520 


416 


339 


"5 


92 


608 


320 


256 


977 


525 


430 


248 


120 


96 


617 


325 


260 


986 


530 


424 


257 


125 


100 


626 


330 


264 


995 


535 


428 


266 


130 


104 


63s 


335 


268 


1004 


540 


432 


27s 


135 


108 


644 


340 


272 


1013 


545 


436 


284 


140 


112 


653 


345 


27^ 


1023 


550 


440 


293 


145 


116 


662 


350 


280 


I03I 


555 


444 


302 


150 


120 


671 


355 


284 


1040 


560 


448 
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Section XL — Tables op Multipliers fob Convebtino 
Measubes. 

1. C^mpwueimnt •f Btaarf, Dcclmalt and Daedeciaial Vractl«as. — 



IalT8s.4t]u. 8th8. 


letha. 82d& 


DedmalB. : 


L2th8. ethi. 4thi. 8dA. HalveiL 




I ... 


•03125 






I ... 2 ... 


.06250 








•08333 ..• 


I 




3-.- 


•09375 




2 ... 


2... 4... 


•12500 






5... 


•15625 








•16667 ... 


2 ... I 




3 ... 6 ... 


•18750 






7 ... 


•21875 




X ... 2 ... 


4... 8... 


•25000 ... 


3 ... ... I 




9... 


•28125 






5 ... 10 ... 


•31250 








•33333 ... 


4 ... 2 ... ... I 




II ... 


•34375 




3.-. 


6 ... 12 ... 


•37500 






13... 


•40625 








•41667 ... 


5 




7 ... 14 ... 


•43750 






15... 


•46875 




I ... 2 ... 4 ... 


8 ... 16 ... 


•50000 ... 


6 ... 3 ... 2 ... •.. I 




17 ... 


•53125 






9 ... 18 ... 


•56250 








•58333 ... 


7 




19... 


•59375 




s-.. 


10 ... 20 ... 


•62500 






21 ... 


•65625 








'6666^ ... 


8 ... 4 ... ... 2 




II ... 22 ... 


•68750 






23... 


•71875 




3 ... 6 ... 


12 ... 24 ... 


•75000 ... 


9... 0... 3 




25... 


•78125 






13 ... 26 ... 


•81250 








•83333 ... 


10 ... 5 




27... 


•84375 




7... 


14 ... 28 ... 


•87500 






29... 


•90625 








•91667 ... 


II 




15 ... 30 - 


•93750 






31 ... 


•96875 




2 ••• 4 ••• 8 ••• 


16 ... 32 ... 


1*00000 ... 


12 ... C ... 4 ... 3 ... 2 
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The values, in decimals, of the binary fractions are exact Tb^ 
of duodecimal fractions which are not also binary fractions^ 
approximate only. 

2. naltlplicn fw CmtTcrtliif Brttlih He 





A.— Links 
into 


R— Feet Into 
Links. 


G— Square 
Links into 


D.— Square 
Feet into 






Feet 


Square Feet 


Square Links. 




I 


0-66 


1-515^5 


04356 


2-2957 


I 


2 


132 


303030 


0-8712 


4*5914 


2 


3 


1-98 


4*54545 


1-3068 


6-8871 


3 


4 


2 '64 


6 -0606 1 


17424 


9-1827 


4 


5 


330 


7-5757<5 


2-1780 


11-4784 


5 


6 


396 


9-09091 


2-6136 


13*7741 


6 


7 


4*62 


10-60606 


3*0492 


160698 


7 


8 


5-28 


I2-I2I2I 


3-4848 


183655 


8 


9 


5'94 


13-63636 


3-9204 


20-6612 


9 


lO 


660 

R— Mean 


I515152 
F.— Statute 


4-3560 


22-9568 


10 




Oeographlcal 
Statute Miles. 


Miles into Mean G.-Tons 


H.-Lba. 






Geographical 


I into Lbs. 


into Tons. 




I 


II51 


0-869 


2,240 


•0004464 


I 


2 


2-302 


1-738 


4.480 


-0008929 


2 


3 


3452 


2-607 


6,720 


•0013393 


3 


4 


4-603 


3-476 


8,960 


•0017857 


4 


5 


5754 


4*345 


11,200 


•0022321 


5 


6 


6905 


5-214 


13^440 


•0026786 


6 


7 


8-056 


6-083 


15,680 


•0031250 


7 


8 


9-207 


6952 


17,920 


•0035714 


8 


9 


IO-357 


• 7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•0044643 


10 




I— Tona 


J.-OubicFeet 

into Tons 
Displacement 


K.— Lb&ontiie 


L.— Lbs. on 






into 


Square Inch 
into Lbs. on the 


the Square Foot 
into Lbs. on the 






Cubic Feet 


JiJquareFoot 


Square IndL 




I 


35 


•02857 


144 


•00694 


I 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•II429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


5 
6 


6 


210 


•17143 


864 


•04167 


7 


245 


•20000 


1,008 


•04861 


7 
8 


8 


280 


•22857 


1,152 


•05556 


9 


315 


•25714 


1,296 


•06250 


9 


lO 


350 


•28571 


1,440 


•06944 


10 
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N.— Grains into 


0.-Cubic Feet 


P.—Gallons into 


intoQraiiia. 


Lbs. AYOir. 


into Gallons. 


CuWo Feet 


7,000 


0000142857 


6 


'2355 


0*16037 I 


14,000 


0-000285714 


12 


•4710 


0*32074 2 


21,000 


0*000428571 


18 


•7065 


0*48112 3 


28,000 


0*000571429 


24^9420 


0-64149 4 


35>ooo 


0*000714286 


31 


•1775 


0*80186 5 


42,000 


0*000857143 


37-4130 


096223 6 


49,000 


0*001000000 


43 


•6485 


1*12260 7 


56,000 


0*001142857 


49 


•8840 


1-28298 8 


63,000 


00012857 14 


46 


•"95 


1*44335 9 


70,000 


0*001428571 


62 


•3550 


1*60372 10 


Q.— Valoes of Decimal FractionR of a Ponnd Sterling in Shillings and Pence. 


8. 


d. 


£ 8. 


d. 


£ 8. d. 


>I = 


024 


*oi = 


2*4 


*i = 2 


)2 


0*48 


•02 


4*8 


•240 


.3 


0-72 


•03 


7*2 


•360 


.4 


096 


*o4 


9-6 


*4 8 


3 


I -20 


•05 




O'O 


5 10 


6 


1*44 


•06 




2*4 


*6 12 


.7 


1*68 


•07 




4-8 


•7 14 


8 


1*92 


*o8 




7-2 


*8 16 


.9 


2*16 


•09 




g'6 


*9 18 


«— y alnes of Farthings, Pence, and Shillii 


igsin 


Decimal] 


FractionflofaPoimd. 


ihingB. 


£ 




Shillings. 


£ 


I 


•0010417 




i 


•05 


2 


•0020833 




2 


•10 


3 


•0031250 




3 


•15 


3nca 






4 


•20 


I 


•004x67 




5 


•25 


H 


•006250 




6 


.30 


2 


•008333 




7 


•35 


3 


•012500 




8 


•40 


4 


•016667 




9 


•45 


4i 


•018750 




10 


•50 


5 


•020833 




II 


•55 


6 


•025000 




12 


•60 


7 


*o29i67 




13 


•65 


l^ 


•031250 




H 


•70 


8 


•033333 




15 


•75 


9 


•037500 




16 


•80 


:o 


•041667 




17 


•85 


:oi 


•043750 




18 


•90 


11 


•04{ 


5833 




19 


•95 
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4. MULTIPLIBSS FOB CoNYEBTINa BbTCISH AKD FbENCH 

Measukes. 





A.-Hetnt 


BL-Feet 


GL— imilimetres 


D.— In<dies 




into 


into 


into 


into 




Feet 


Metres. 


Inches. 


Iffllimetrea 


I 


32809 


0-3048 


•03937 


25-400 


2 


6-5618 


0-6096 


•07874 


50-799 


3 


9-8427 


0-9144 


•II81I 


76-199 


4 


13-1236 


1-2192 


•15748 


101-598 


5 


16-4045 


1-5240 


•19685 


126*998 


6 


19*6854 


1-8288 


•23622 


152-397 


7 


22-9663 


2-1336 


•27560 


177-797 


8 


26-2472 


2-4384 


•31497 


203-196 


9 


29-5281 


27432 


•35434 


228*596 


lO 


32-8090 


30479 


•39371 


253995 




into 


F.— Square Feet 
into 


G.—Square H.— Square Inches 
imiimetres into into Square 




Square Feet 


Square Metrea 


Square Inches. 


Millimetres. 


I 


10-764 


•0929 


•OOI550I 


645-14 


2 


21-529 


•1858 


•0031001 


1290-27 


3 


32-293 


•2787 


•0046502 


1 935 -4 r 


4 


43-057 


•3716 


•0062002 


2580*55 


5 


53-821 


•4645 


•0077503 


3225-68 


6 


64-586 


•5574 


•0093004 


3870-82 


7 


75-350 


•6503 


•0108504 


4515-96 


8 


86-114 


•7432 


•0124005 


5161-10 


9 


96879 


•8361 


•0139505 


5806-23 


10 


107-643 


•9290 


•0155006 


6451-37 




L-<)abic Metros 


J.— Cubic Feet : 


K.-CubicMmimetre8 


L.— Cubic Inches 




into 


into 


into 


into 




Cubic Feet 


Cubic Metrea 


Cubic Inchea 


Cubic Millimetres 


I 


35317 


•028315 


•00006103 


16836 


2 


70633 


•056631 


•00012205 


33672 


3 


105-950 


"084946 


-00018308 


50508 


4 


141*266 


•II3261 


•000244 II 


67344 


5 


176-583 


•I41577 


•00030514 


84180 


6 


211-900 


•169892 


-00036616 


IOIO16 


7 


247*216 


•198207 


•00042719 


II7852 


8 


282-533 


•226522 


•00048822 


134688 


9 


317-849 


•254838 


•00054924 


151524 


lo 


353-166 


•283153 


•00061027 


168360 



OONYEBSION TABLEa 



ITS 



MULTIPLIEKS FOR CONVERTING BRITISH AND FRENCH 

Measures — continued. 





M,— Grammes 


N.-Grains 




P.-Ll)a 






into 


into 


into 


into 






Grains. 


Grammea 


Lba 






I 


15-4323 


•06480 


2-2046 


04536 


I 


2 


30-8647 


•12960 


4-4092 


09072 


2 


3 


462970 


•19440 


6-6139 


I 3608 


3 


4 


617294 


•25920 


8-8185 


1-8144 


4 


5 


771617 


•32399 


11*0231 


2*2680 


5 


6 


92-5941 


•38879 


13*2277 


2*7216 


6 


7 


108-0264 


•45359 


15-4323 


3-175I 


7 


8 


123-4588 


•51839 


17*6370 


3-6287 


8 


9 


138-891 T 


•58319 


19*8416 


4*0823 


9 


10 


1543235 


•64799 


22*0462 


4-5359 


10 




Q.— Tonneaux 


R— Tons 


S.-Litres 


T.— Chillons 






into 


into 


into 


into 






Tons. 


Tonneaox. 


GaUons. 


Litres. 




I 


0*9842 


i-oi6o 


0*2202 


4-541 


I 


2 


1-9684 


2-0321 


0*4404 


9-082 


2 


3 


2-9526 


3-0481 


06606 


13-623 


3 


4 


3-9368 


4*0642 


0*8809 


18-164 


4 


5 


4-9210 


5-0802 


I*IOII 


22-705 


5 


6 


59052 


6-0963 


1*3213 


27-246 


6 


7 


6-8894 


7-II23 


1-5415 


31-787 


7 


8 


7-8736 


8-1284 


1*7617 


36-328 


8 


9 


8-8579 


9*1444 


1*9819 


40869 


9 


10 


9-8421 


10*1605 


2*202li 


45-410 


10 



W.«— Eilogrammes X.— Lba. on the 
U.-.Eilogrammetres Y. — ^Foot-Lbs. on the Square Square Inch into 
inte into IGllimetre into Lbs. Kilogrammen 

FootrLba Eilogrammetres. on the on the Square 

Square Inch. Millimetre. 



I 
3 
3 

4 
5 
6 

7 
8 

9 

10 



7-233 
14-466 
21*699 
28-933 
36-166 

43*399 
50-632 

57-865 
65098 

72*331 



0*13825 
0*27651 
0*41476 

0-55301 
0*69126 
0*82952 
096777 
1*10602 
1*24428 
1-38253 



1422 

2845 
4267 

5689 
7111 

8534 

9956 

11378 

12801 

14223 



•000703 
•001406 
•002109 
•002812 
•003515 
•004219 

*004922 

•005625 
•006328 
•007031 



I 

2 

3 

4 
5 
6 

7 
8 

9 
10 
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MEASURBSL 



Multipliers for Converting British and French 
Measures — coiUimied. 





Y.— Kilometres 


Z.-Mile8 


AA.--Hectare8 


BB— Acrea 




into 


into 


into 


into 




Miles. 


KilometPea. 


Acres. 


HectaresL 


I 


0*6214 


1-6093 


2-4711 


0-4047 


2 


1-2428 


3-2186 


4-9423 


08093 


3 


I -864 1 


48280 


7*4134 


1*2140 


4 


2-4855 


6*4373 


9-8846 


I-6187 


5 


3-1069 


8-0466 


12-3557 


2-0234 


6 


37283 


9*6559 


14-8268 


2-4280 


7 


4*3497 


11-2652 


17-2980 


2-8327 


8 


4-97 II 


12-8746 


19-7691 


3*2374 


9 


55924 


14-4839 


22-2403 


36420 


lO 


6-2138 


16-0932 


24-7114 


4*0467 




CO.— Franca 


DD.-£ 




FF.— Pence 




into 


into 


into 


into 




£. 


Franca. 


Pence. 


Francs. 


I 


•03965 


25-22 


9-516 


0-10508 


2 


•07930 


50-44 


19*033 


O-2IOI7 


3 


•II895 


75*66 


28-549 


0-3^525 


4 


•15860 


100-88 


38-065 


0-42033 


5 


•19826 


126-10 


47*581 


0-52542 


6 


•23791 


151*32 


57-098 


063050 


7 


•27756 


176-54 


66614 


0-73558 


8 


•3172I 


201-76 


76-130 


0-84067 


9 


•35686 


22698 


85-646 


o*94575 


lO 


•39651 


252-20 


95*163 


1-05083 



5, Conversion of Velocities. 





A.— Maes 


R— Feet 


C—Enots 


D.— Feet 




per Hour into 


per Second into 


into 


per 'Second 




Feet per 


Miles per 


Feet per 


into 




Second. 


Hour. 


Second. 


Ejiots. 


I 


1-467 


0-682 


1-688 


0-592 


2 


2-933 


1-364 


3*376 


I-185 


3' 


4-400 


2*045 


5064 


1-777 


4 


5*867 


2-727 


6752 


2-370 


5 


7*333 


3-409 


8-439 


2-962 


6 


8-800 


4-091 


10-127 


3-555 


7 


10-267 


4-773 


11-815 


4-147 


8 


"733 


5*455 


13-503 


4*740 


9 


13-200 


6-136 


15-191 


5-332 


10 


14-667 


6-818 


16-879 


5*925 
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Conversion op Velocities — corUinued. 

Angular Velocity. 





R— Knots into 


P.— Metres per 


G.— Turns per 
Second into 


a— Circular 






Metres per 
Second. 


Second into 


Measure into 






Knots. 


Circular Measnia 


Turns per Second. 




1 


0-5x44 


1-944 


6-28 


0-159 


I 


a 


10288 


3-888 


12-57 


0-3x8 


2 


3 


1-5432 


5-832 


1885 


0-477 


3 


4 


2-0576 


7-776 


25-13 


0-637 


4 


5 


2-5720 


9-720 


31-42 


0796 


5 


6 


3-0864 


11-664 


37-70 


0955 


6 


7 


3-6008 


13-608 


43-98 


1-XX4 


7 


8 


4-1153 


15-552 


50-27 


1-273 


8 


9 


4-6296 


17-496 


56-55 


1-432 


9 


10 


5-M4O 


19440 


62-83 


1-592 


10 



6. Conversion op Pressures in Atmospheres. 



Atmos- ^^ 0^ 


Lbs. on the 


Kilogrammes 


Millimetres 


Inches 


Feet 


^^^ Square^Inch. 


Square 
Foot 


on the 


of 


of 


of 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 14-7 


2rx6 


10333 


760 


29-922 


33-9 


2 294 


4233 


20666 


1520 


59-844 


678 


3 44-1 


6349 


30999 


2280 


89-765 


IOX-7 


4 58-8 


8465 


41332 


3040 


1x9-687 


135-6 


5 73*5 


10581 


51665 


3800 


149-609 


169-5 


6 88-2 


12698 


6x998 


4560 


179-531 


203-4 


7 102-9 


14814 


72331 


5320 


209-453 


237-3 


117-6 


16930 


82664 


6080 


239-374 


27 X -2 


9 132-3 


19047 


92997 


6840 


269-296 


305-1 


10 147.0 


21163 


103330 


7600 


299-218 


339'o 



PART III. 

RULES IN ENGINEERING GEODESY. 

I. — Rules depending on the Dimensions and Figure 
OF THE Earth. 

I. Barili'fl Principal Dimeiuioiu (according to Captain Clarke, 
Mfnunrs of the Royal Astronomical Society, Vol. xxix.) — Longitude 
®f the earth's greater equatorial axis, about 14° east of Greenwich, 
^ngitude of the earth's lesser equatorial axis, about 76° west of 
Greenwich, 

Feet Metrea. 

Greater equatorial axis, 41,852,970 ^2,756,555 

Lesser equatorial axis, 41,842,354 J^^>753>32o 

Mean equatorial diameter, 41,847,662 12,754,937 

Polar axis, 41,707,536 12,712,227 

Mean between mean equatorial ) ,^^„^^^ ,«„^^^q« 

diameterand polaraxis, | 4^.777,599 ",733,582 

In the present state of our knowledge, calculations of the earth's 
dimensions are not to be relied on beyond the fifth figure. 

2. MiBBte of ijatiiude. — Length on the earth's surface corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 - 31 cos • 2 latitude of middle of arc; 

in metres = 1852 — 9*4 cos • 2 latitude of middle of arc; 
(observing that cosines of obtuse angles have their signs reversed.) 
These formula are con-ect, for any meridian, to the nearest foot, 
and to the nearest ^ of a metre. 

3. MiaHte of Prime Tercieal (being the great circle perpendicular 
to the meridian), 

. - ^ 12214 + length of minute of meridian 
m feet = ^ s ; 

o 

3723 + length of minute of meridian 
m metres = s • 

4. BEinvte of liongitude. — For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

0. BzFkuuuioM of Table.— The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0° to 90°: — 
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Lat 


MixLliOng. 


Hin.pr.T. 


IfiiLLai 


MiTi.Lat 


Wn. pr. T. 


l^Tin. Long 


. Lftt^ 


o°. 


. 6086 . 


. 6086 . 


.. 6045 


6107 . 


. 6107 . 


. 


..90^ 


I . 


. 6085 . 


.. 6086 . 


.. 6045 


6107 . 


. 6107 . 


.. 107 . 


..89 


2 . 


. 6083 . 


. 6086 . 


.. 6045 


6107 . 


. 6107 . 


.. 213 , 


.. 88 


3 • 


. 6078 . 


. 6086 . 


.. 6045 


6107 .. 


. 6107 . 


.. 320 


..87 


4 •• 


. 6071 . 


. 6086 . 


.. 6045 


6107 . 


. 6107 . 


.. 426 


.. 86 


5 • 


. 6063 . 


. 6086 . 


.. 6045 


6107 . 


. 6107 . 


.. 532 


..85 


6 ., 


. 6053 . 


.. 6087 . 


.. 6046 


6106 . 


,. 6107 . 


.. 638 


..84 


7 • 


. 6041 . 


. 6087 . 


.. 6046 


6106 . 


. 6107 . 


.. 744 


..83 


8 . 


. 6027 . 


.. 6087 . 


.. 6046 


6106 . 


. 6107 . 


.. 850 


... 82 


9 * 


. 6012 . 


.. 6087 . 


.. 6047 


6105 . 


. 6106 . 


.. 955 


.. 81 


lO . 


. 5994 . 


.. 6087 . 


.. 6047 


6105 . 


. 6106 . 


.. 1060 


.. 80 


II . 


• 5975 • 


.. 6087 . 


.. 6047 


6105 . 


.« 6106 • 


.. 1 165 


...79 


12 . 


• 5954 . 


.. 6087 . 


.. 6048 


6104 . 


. 6106 . 


.. 1270 


...78 


13 • 


• 5931 • 


.. 6087 . 


.. 6048 


6104 . 


. 6106 . 


.. 1374 


...77 


14 . 


. 5907 . 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1477 


...76 


15 • 


.. 5880 . 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1580 


..75 


16 . 


.. 5852 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1683 


... 74 


17 • 


.. 5822 . 


.. 6088 . 


.. 6050 


6102 . 


.. 6105 . 


.. 1785 


... 73 


18 . 


.. 5790 . 


.. 6088 . 


.. 6051 


61OI . 


.. 6105 . 


.. 1887 


...72 


19 . 


•. 5757 . 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 1988 


... 71 


20 . 


.. 5721 . 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 . 


.. 2088 


...70 


21 . 


.. 5684 . 


.. 6089 . 


.. 6053 


6099 . 


.. 6104 . 


.. 2188 


•••^? 


22 . 


.. 5646 . 


.. 6089 . 


.. 6054 


6098 . 


. 6104 . 


.. 2287 


... 68 


23 • 


.. 5605 . 


.. 6089 . 


.. 6054 


6098 . 


. 6104 . 


.• 2385 


...67 


24 . 


■. 5563 . 


,. 6090 . 


.. 6055 


6097 .. 


. 6104 . 


. 2483 


... 66 


25 • 


.. 5519 • 


.. 6090 . 


.. 6056 


6096 .. 


. 6103 . 


. 2579 


...65 


26 . 


.. 5474 . 


.. 6090 . 


.. 6057 


6095 ., 


. 6103 . 


. 2675 


... 64 


27 . 


.. 5427 . 


. 6091 . 


.. 6058 


6094 .. 


. 6103 . 


. 2771 


...63 


28 . 


.. 5378 • 


.. 6091 . 


.. 6059 


6093 .. 


. 6102 . 


. 2865 


... 62 


29 . 


.. 5327 . 


.. 6091 . 


.. 6060 


6092 .. 


. 6102 . 


. 2958 


... 61 


30 • 


•• 5275 . 


.. 6092 . 


.. 6061 


6091 .. 


. 6102 . 


. 3051 


... 60 


31 • 


.. 5222 . 


.. 6092 . 


.. 6061 


6091 .. 


. 6102 . 


. 3142 


... 59 


32 . 


.. 5166 . 


.. 6092 . 


.. 6062 


6090 .. 


. 610I . 


. 3233 


... 58 


33 • 


.. 5109 . 


.. 6092 . 


.. 6063 


6089 . 


. 61OI . 


. 3323 


... 57 


34 • 


.. 5051 . 


.. 6093 . 


.. 6064 


6088 . 


. 61OI . 


.. 3413 


...56 


35 • 


• 4991 • 


.. 6093 . 


.. 6065 


6087 . 


. 6100 . 


. 3499 


... 55 


36 . 


.. 4930 . 


.. 6093 . 


.. 6066 


6086 ., 


. 6100 . 


.3586 


... 54 


37 • 


.. 4867 . 


. 6094 . 


.. 6067 


6085 . 


. 6100 . 


. 3671 


... 53 


38 • 


.. 4802 . 


. 6094 . 


.. 6068 


6084 . 


. 6099 . 


. 3755 


... 52 


39 • 


.. 4736 • 


. 6095 . 


.. 6070 


6082 .. 


. 6099 . 


.3838 


... 51 


40 . 


.. 4669 . 


. 6095 . 


.. 6071 


6081 .. 


. 6098 . 


. 3920 


... 50 


41 . 


.. 4600 . 


. 6095 . 


.. 6072 


6080 .. 


. 6098 . 


.. 4001 


... 49 


42 . 


.. 4530 • 


. 6096 . 


.. 6073 


6079 .. 


. 6098 . 


.. 4080 


... 48 


43 • 


.. 4458 . 


. 6096 . 


.. 6074. 


6078 .. 


. 6097 . 


. 4158 


... 47 


44 • 


.. 4385 • 


. 6096 . 


.. 6075 


6077 .. 


. 6097 . 


. 4235 


... 46 


45 . 


.. 43" • 


. 6097 . 


.. 6076 


6076 ., 


. 6097 ., 


. 43" 


.. 45 
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•f a Great Circle in bmj AalmnClk — AzimiUll is the 
angle which a given vertical plane traversing a station makes with 
the plane of the meridian of that station. Let m denote the length 
of a minute of the meridian, andp the length of a minute of the 
prime vertical, at the latitude of the middle of the arc to be 
measured; then the length required 

= t__ C__ — • cos 2 azimuth; 

observing, that when the azimuth exceeds 45®, the second term 
of the formula is to be added, instead of subtracted. 

Example I. — In latitude 60°, required the length in feet of one 
Diinute of a great circle on the earth's surface whose azimuth is 30°. 

p + m 6102 + 6091 12193 ^^^^ . . ^ 

i— jj — = ^ = — s — « 6096-5 feet. 

J J 12 

X COS 60° = 0-5 
Product to be subtracted, 2*75 



Length required, to the nearest foot,... 6094 feet. 

Example II. — In the same latitude, let the azimuth be 60°; 
%n 60° X 2 = 120°, an obtuse angle, whose cosine is = — cos 
(180'- 120°) = - cos 60° = - 0-5. 

^—^ — as before, 6096-5 feet 



Length required, to the nearest foot, 6099 feet. 

6a. Caniaimed Arc. — Divide the distance between two stations 
by the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. To find tiie Trae Aaimnth of a Slation-Iiine. 

L By the Tvx> greatest Elongaticma of a Vircumpolar Star. — 
Observe the greatest and least horizoni»,l angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
angles, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, « Ursae Minoris, is the best. 

This method is seldom practicable with an ordinary theodolite 
as in general one of the observations must be made by daylight. 

XL By equal Attitudes of a Star, — The theodolite being at a 
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station in the station-line chosen, measure the horizontal angle from 
the station-line to any star which is not near the highest or lowest 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in azimuth with the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new ' 
dii'ection of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-lina* 

In both the preceding processes it is to be understood that the 
mean of two horizontal ojigles means their half-sum when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 
vice versd; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declination is chang' 

ing towards the < +1 i ' *^® approximate direction of the mer^* 

dian, as found by the method juist described, is too far to tlJ-* 

1 ^\%f I ' "^^^ correction required is given by the formula,t 

change of sun's declination i ..^ j 1 i 
^ X sec • latitude x cosec ^ angular 

motion of sun between the observations. 

III. Bi/ One greatest Elongation of a Circiimpolar Star, — To us^ 
this method, the declination of the star, and the latitude of th^ 
place, should be known. Then 

sin • azimuth of star at greatest elongation 
= cos * declination -?- cos • latitude ; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

* In observing at night with the theodohte, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

f At the equinoxes, the rate of change of the sun*s declination is about 
69" per bourj and it varies nearly as the cosine of the sun's right 
ascension. 
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"with the star^ or to the opposite side) gives the 
e station-line* 

serving the Altitude of a Star, and tJie Horizontal 
it and tJie Station-Line. — The altitude being corrected 
, the azimuth of the star is computed by taking the 
50, or complement of that altitude, the polar distancet 
id the co-latitude of the place, as the three sides of 
riangle; when the azimuth of the star will be the 

ing is a table of the declinations of a few of the more con- 
for the 1st of January, 1865, together with the annual rate at 
clinations are changing, + denoting increase, and — diminu* 



NORTHERN HEMISPHERE. 

Stab. North Declination. Bate of Annual Variation. 

ned», 28° 2(K 42^ + W"^ 

linons (Pole-star), 88 35 23 + 19 '2 

22 49 21 +17-2 

3 33 28 +14-4 

49 22 39 +13-2 

Aldebaran), 16 14 6 +7-6 

. (Capella), 45 61 24 +4-2 

(Betelgeuze), 7 22 43 +1-1 

)rum (Castor), 32 10 62 —7*4 

ilinoris (Procyon), 6 34 7 — 8*9 

)rum (Pollux), .....28 20 67 —8-3 

(Regulus), 12 37 32 — 17 '4 

lajoris, 62 28 44 — 19 '4 

I^oris, 49 69 17 —18-1 

(Arcturus), 19 63 12 —18-9 

hi, 12 39 39 —2-9 

Vega), 38 39 36 + 3 '1 

i(Altair), 8 30 61 +9-2 

44 47 68 + 12 7 

(Markab), 14 28 46-6 + 19 :3 

SOUTHERN HEMISPHERE. 

Stab. Sonth Declination. Bate of Annual Variation. 

I (Rigel), ^ « « 8° 21' 38^ — 4"-5 

MB, 34 8 61 —2-2 

(Canopus) 62 37 23 + 1 '8 

tfajoris (Sirius), 16 32 1 + 4 "6 

, « 8 4 31 +15-4 

58 68 29 + 18 7 , 

62 20 88-5 +19-9 

a(Spica), 10 27 21 +18-9 

Ti, 60 16 24 + 15 -0 

(Antares), 26 7 46 +8*4 

uli Australis, 68 46 27 + 7 '4 

B, 57 9 49 —111 

47 36 46 — 17-2 

Australis (Fomalhaut),... 30 20 13 — 19 t) 

listance is the complement of the dedinatioiu 
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angle opposite the side representing the polar distance. Tl 
azimuth of the station-line is then to be found as in Method UL 

V. Approximate Metlwd hy observing certain 
Stars, — In the northern hemisphere a meridian- ^ 

line may be fixed approximately by observing, ' 

with the aid of a plumb-line, the instant when 
the Pole-star A, and the star Alioth (« Ursse 
Majoris), appear in the same vertical plane. The 
Pole-star is marked A in fig. 36. 

8. Angle between Two Meridians. — When two 
points on the earth's surface have the same ^ f f 
latitude, but different longitudes, the horizontal ^ ^ 
angle made by their meridians with each other is " vmi 
found by the following equation : — '^' 

sin z horizontal angle = sin -r difference of long, x sin • lat 

9. Astronomical Refraction. — The correction for refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately by the following formula : — 

Refraction = o8" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Kev. Dr. Robinson in the Transactions of the Royal Irish Academyj 
vol. xix. Tables of Refraction are given in treatises on Naviga- 
tion, such as Raper's. 

Below about 8° or 10° of altitude the changeable condition of tlie 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of the Sea^Horizon, in seconds = J (height of station in 
feet) X 57"*4, nearly. 

11. To find tiie liatitude of a Place. 

Method I. By the Mean Altitude of a Circwmpolar Star, — Take 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Star, — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the Nautical Abnanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator, 

Latitude = Zenith distances- Declination; (1.) 
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If the star is between the equator and the horizon, 

Latitude = Zenith distance — Declination; (2.) 

If Uie star is between the zenith and the elevated pole, 

Latitude =: Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 
Latitude = 180*' — Declination — Zenith distance; ...(4.) 

Method IIL By the Sun^a Meridian AltUvde. — In this method 
the final calculation, from the sun's declination, as found in the 
^atdicdl AlmanaOy and the true altitude of his centre, is the same 
*s in Method IL But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
^ding the sun's semidiameter, according as his up|)er or lower 
limb has been observed, and by adding the sun's parallax, being 
the angle subtended at the sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the Nautical AlmanaCy and 
multiply it by the cosine of the altitude of the sun's centre. 

(The mean value of the sun's horizontal parallax is about 8" -6). 

The sun's semidiameter on the day of observation is to be found 
in the Nautical Almmuic. It varies from 15' 46" to 16' 18". 

The calculation may be thus set down algebraically — 

( True altitude =: apparent altitude — Dip (if the sea- ] 

< horizon has been observed) — ^Refraction z±i sun's > (5.) 

( semidiameter + parallax; j 

Zenith distance = 90° — true altitude, (6.) 

Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Eopation 3 is occasionally applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The i^iiiiereiice of ijatitade of two stations near each other 
18 best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen fi*om the two 
stations. 

13. To ncamre a Baae-liine for a Sarrof Approzlinatelf* by 
^•tiijritefcr— The stations for the two ends of the base-line should be 
^thin sight of each other; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 



124 RULES IN ENGIKEEBIKG GEODESY. 

Take the true sizimutli of the base-line by Kule 7 ; and, if pos5 
take it fix)m both stations, and take the mean of the results, ^ 
will be slightly different. 

Take the latitudes of both stations by Kule 11, and the diffei 
of their latitudes by Rule 12. The difference should be taken 
the utmost possible precision ; the absolute latitudes need nc 
determined so closely. Take the mean or half-sum of 1 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divid 
the cosine) of the azimuth; reduce the angle so found to mii 
and decimal fractions of a minute; multiply it by the length 
responding to a minute of a great circle in the given mean lati 
and azimuth (see Rule 6 ); the product will be the required le 
of base, correct to about one-6,000th part of itself. 

Example. — Suppose the data to be as follows : — 

Mean azimuth, 30^ 

Mean latitude, 60* 

Difference of latitude, 50' 

Then,— 

Difference of latitude __ 50' _ fi7'7^K 
cos azimuth "" ^^86603 " ^' '' *^^ 

X Length corresponding to one minute,*) 
as akeady computed in Example 1 of >• 6,094 feet. 

Rule 6, 3 — 

Length of base required, 351,837 feet 

"Which is correct to the nearest 60 feet, or thereabouts. 

14. To Bedace an EleTated or I^epreased Base Co tlie 

of the Sea.— Multiply the base as measured, by its elevation i 
or depression below the sea-level, and divide by the earth's 
i*adius; the quotient will be the correction, to be subtract 
the base is elevated, or added if it is depressed. (Earth's 
radius^ accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metres.) 
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SEcnoK n. — Scales fob Plans and Sections. 
1. Plans. 




(l.)lmchtoa mile,... 

(2.) 4 inches to a mile,. 
(3.) 6 inches to a mile. 



(4.) 6-336 inches to a mile, . 
(5.) 400 feet to an inch,.... 



(6.) 6 chains to an inch, . 



(".) 15*84 inches to a mile,.. 

(3.) 5 chains to an inch, or ) 
16 inches to a mile, \ 



(9.) 25-344 inches to a mile, 



(10-) 200 feet to an inch,.. 



63,360 

1 

15,840 

1 

10,560 



10,U0U 

1 
4,800 

1 
4,762 

1 
4,000 

1 
3,960 



1 
2,500 



1 

2,400 



Scale of the smaller ordnance maps of 
Britain. This scale is well adapted 
for maps to be used in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale of the larger ordnance maps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing tlie same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for ''en- 
larged plans" of buildings and of 
land withui the curtilage of buildings. 

Scale answering the same purpose. 

Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 

' larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for ** cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementioned are reduced. 
Well adapted for. land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for 
land or contract plans in Ireland. 
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Ordinary Designation 
of Scale. 



(11.) 3 chains to an iDcb,.. 
(12.) 100 feet to an inch,.. 



(13.) 88 feet to an inch, or ) 
60 inches to a mile, ] 



(14.) 63*36 inches to a mile,... 

, inch, or ) 
to a mile, ) 



(15.) 44 feet to an inch, or 
120 inches 



Fraction of 

real 
Dimensions. 



(16.) 126*72 inches to a mile, 
(17.) 30 feet to an inch,. ... 
(18.) 20 feet to an inch,.... 



(19.) 10 feet to an inch,.. 
&c. 



1 
2,876 

1 
1,200 

1 
1,066 

1 
1,UU0 

1^ 

528 

500 
J_ 
360 
J_ 
240 
J_ 
120 
&c. 



Use. 



Scale of the Tithe Commisdoners' plwt. 

Suited for the same purposes as the 

above. 
Scale suited for plans of towns, when 

not very intricate. 
Scale of ordnance plans of the less io- 

tricately built towns. 

Decimal Scale having the same pro- 
perties. 

Scale of ordnance plans of the more 
intricately built towns. 

Decimal scale having the same pro- 
perties. 



Scales for special pnrposea. 



2. Sections. 



Ordinary Designation 
of Vertical Scale. 



(1.) 100 feet to an inch. 



(2.) 40 feet to an inch. 



(3.) 30 feet to an inch, 
(4.) 20feettoanhich, 

&C. 



Fraction 
of real 
Height 



1,200 



1 

480 



1 

360 

1 
2-10 
&c. 



Horizontal Scales 
with which the 
Vertical Scale is 

usiially combined. 



:t0 



16,840 10,560 



-to 



4,800 3,960 



1 ^ 1 
-to- 



3,960 2,376 
' -to- 1 



3,960 2,376 

&C. 



Exag- 
geration. 



Prom 
13-2 to 8-8 



10 to 8*25 



11 to 6-6 



16-6 to 9-9 



&C. 



Use. 



Smallest scale permh 
tod by the standing 
ordersof parliament 
for sections of pro- 
posed works. 

Smallest scale penAit 
ted by the standing 
orders of parliament 
for cross sections, 
showing alterations 
of roads. 

Scales suitable for 
wor] 
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•tical sections, on a large scale f say jrr^ or Toa), and tmtlir 
aggeration, are required at the sites of special worka 

Section III. — ^Rtjles relating to Surveying. 

Chaining on a Declirity — Redaction to the IjeveL — The 

tion is always to be subtracted from the distance as mea- 

len the angle of inclination has been measured by a " clino- 
" or other angular instrument: — Correction in links per 
= 100 X versed sine of inclination. 

en the vertical fall in links for each chain of distance on the slope 
wn : — Correction in links per chain = 100 — \/lO,000 — fall^. 

fal]2 
len the slope is gentle : — Correction in links per chain = ^^ 

Expansion of HEeaanring Rods and Chains. — Increase of length 
elevation of temperature of 100® Cent. = 180° Fahr. : — ^brass, 
L6; bronze, 0-00181; copper, 0*00184; wrought iron and 
00012; cast iron, 0*0011; platinum, 0*0009; glass, 0*0009; 
jal, 0*00043. 

ro Set Oat a Right Angle hj the Chain. — Choose any two 

srs; take the sum of their squares, the difference of their 

js, and twice their product; those three numbers will be pro- 

nal — the first to the hypothenuse, and the other two to the 

gs of a right-angled triangle, which is to be set out on the 

d. ' 

• example: numbers chosen, 1 and 2; hypothenuse, 2^ + P 

legs, 22-1 = 3, and 2 X 2 X 1 = 4. Thisis the 

generally useful right-angled triangle. Other 

>les: 13, 12, 5; 25, 24c, 7; 17, 15, 8; 29, 21,3^^..^..^^ 

rie-liine. — In a chained triangle, A B C, fig. \ ' / 
find the length of a tie-line, AD. By calcu- \ ! / 

construction, draw the triangle and measure p. 07 
3n paper. The measurement of A D on the 
d is a check on the accuracy of the measurement of A B, 
3A. 
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4. To Mcanire l^kips in Station-Iiinefi by the Chain alone* 

Case I. — When His obstacle can be chained round. 
Rule I. (see fig. 37.) — A and D being marks in the station- 
line at the nearer and further sides of the obstacle, set out a triangle, 
A B C, of any form and size that will conveniently enclose the 
obstacle, subject only to the conditions, that B and 
are to be ranged in one straight line with D, and that 
the angles at B and C are neither to be very acute 
nor very obtuse. Measure with the chain the lengths 
A B, AC, B D, DC, and find the length of A D asa 
tie-line (Article 3.) 

Rule II. (see ^g, 38.) — Let A and D be marks at the 
nearer and further sides of the obstacle respectively. 
Range A B, D C at right angles to the station-line; 
make those perpendiculars equal to each other, and of 
Fig. 88. ^^y length that may be requisite in order to chain past 
the obstacle along B C, which will be parallel and equal 
to A D, the distance required. 

Rule III. (see fig. 39.)— Let 6 and c ba 

^, I points in the station-line at the nearer and 

\^"*4r s'' ^^^i^ber side ofthe obstacle respectively. Fron| 

\ j">v. A '"^ ' ^ convenient station, A, chain the lines A 6,* 

I I Lx^^^. ' -^^9 being two sides of the triangle Abe; 

\ J<^ ^^^\ connect those lines by a line, B C, in any 

B' A c" position which will form a well-conditiond 

I triangle, ABC, of as large a size as is 

» practicable : measure its three sides. Then 

Fig. 39. the inaccessible distance is given by the 

formula, 

A. . //a7.2 a 2 (A6 + Ac)2-(A6-Ac)2 
^^==V{^^-^^^" (AB-hAC)2-(AB-AC)2 ' 

(AB2 + AC2 - BC2). I 

The same formula applies to such positions of the connecting lino 
as B' C" and B" C" as well as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and A 6 c become 
similar, B C is pai-allel to b c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II. — Wh^n it is impossible to chain round the obstade. 
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Fig. 40. 



Rule IV. (see ^g, 40.)— Let 6 and c be marka 
in the station-line at the nearer and further side 
of the gap respectively. On the nearer side of the 
obstacle, range the stations A and B in a straight 
line with c, making the angle bcB greater than 
30®, and place them so that the intersecting lines 
A 6, B a, connecting them with two points, a and 
b, in the station-line, shall form a pair of triangles, 
a 6 C, A B C, with no angle less than 30°. Mea- 
sure the sides of those triangles, and compute the 
inaccessible distance 5 c as follows : 

ab'Ab'BC 
^""-CAaB — A6BCr 
As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c as follows : 

AB'aB'6C 
^^"CaA6 — aB-6Cr 

This problem is solved graphically by plotting the figure ab 
c A B a, and producing a b and A B till they intersect in c. 

BuLE V. ^ee ^g, 41.) — When the inaccessible jP 

distance B D does not much exceed three or four 
chains. At B set out BC perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 30^ At range A 
perpendicular to C D, cutting the station-line in A. ^ 
Measure A B, B C; then 

BC2 



BD = 



AB' 



Fig. 41. 

When angvla/r instruments are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. BEeasaring Areas of lAud. — ^Almost all areas of land are made 
up of parallelograms, trapezoids, and triangles (see Bules at page 
63), with the addition or subtraction of strips contained between 
stmight station-lines and irregular boundaries (see Rules for " Any 
Plane Area/' pp. 64 to 67.) For Land Measures, see p. 95. 

6. Rererenceti Co Rales of Trigonometry. — The following are the 
rules of trigonometry chiefly used in surveying by angles : — 

For Plane Tricmgles; 1, 2, page 53; and sometimes 3 and 4, 

pp. 53, 54; and 6, page 55, 
For Triangles so large as to be sensibly spherical; the rule for 

spherical excess, page 55; and the approximate rules, 

page 58. 

JL 
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The three angles of every triangle should be measured, if possible, 
as a check upon accuracy. 

7. RcdncUon of AmgUm Co the CeaCre of the SCatloM. — ^When the 
theodolite cannot be planted exactly at a 
station in a trigonometrical survey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, by a 
correction which is calculated approxi- 
pjp 42. mately as follows : — 

In Gg, 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 




ACB = ADB — 206264".8 



^^f sin ADC sinBDC] 



The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
C B, sin B D C changes its sign; when to the left of C A, sin 
ADC changes its sign. 

8. Bednction of Seztant-Ansles to the Iierel. — To find with a 
reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
zenith distance of each object by subtracting its altitude from, or 
adding its depression to, 90°. 

In fig. 43, let O represent the observer's station; O B, O C the 
directions of the objects; B O C the angle between 
them ; O D E a horizontal plane; DOB and E O C 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and B C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper formula. (See 
page 57.) 
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9. netambtlMg Scatiou AMomu — In fig. 44, let D be the station 
afloat -whose position is to be determined; and A, B^ C, three 
known fixed objects, or landmarks, which 
ought not to be in or near the circumference 
of one circle traversing D. With a sextant 
(or, better still, with two sextants) measure 
the angles A D B, B D C ; if practicable also, 
with a third sextant, measure the angle 
ADC = ADB + BDC, as a check on the 
accuracy of those angles. Then to plot the 
position of D, let A, B, and C be shown on 
the plan. From A draw A E, making the 
angle C A E = C D B: from C draw C E, 
msJdng the angle A C E = A D B, and cutting A E in E : 
through the three points A, C, E describe a circle : through E 
and B draw a straight line cutting the circle in D j D will be the 
required station on the plan. 

Or otherivise, — On a piece of tracing paper draw three straight 
lines radiating from one point, so as to make with each other 
angles equal to A D B and B D 0. Lay it on the plan, and 
shift it about till the three lines traverse A, B, and C respectively; 
the point from which they diverge being pricked through on the 
plan, will give the position of D. 

In the instrument called the station-pointer, three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc, answer t£e purpose of the 
three lines on the tracing paper. 



Section IV. — Kules RELATma to Levellino and Sounding. 

1. CJonrectioo for Carratnre and Refraction. — The correction for 
the earth's curvature, to be svbtracted from the reading of a 
levelling-staff, is found as follows : Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
feet nearly, or 12,740,000 metres nearly). 

Or otherwise, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
sixtli of the correction for curvature. 

Correction for curvature and refraction combined, to be stthtracted 
from tlie reading on the stafl^ — average value about 

s= = 0*56 foot X (distance in statute miles^^. 

6' Earth's diam. ^ 

2. lieveiling hj Angles. — ^This process is approximate only. 
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BuLE I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are (ailed 
reciprocal angles,) Take the half sum of those angles, and by its 
taugent multiply the horizontal distance between the objects: the 
product will be their difference of leveL 

Rule IL — When one angle only can be taken, it must be cxa- 
rected for curvature and refraction. The correction for curvature 
to be added to altitudes and subtracted from depressions is one- 
half of the contained a/rc; which contained arc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-sixth of its amount. 

3. lieTeiUng hy the Barometer. (Approximate only). — Let the 
quantities observed be denoted as follows : — 

Temperatorea of tiie 
Heights 
Stations. of Mercurial 

colmuii. 

Higher, h 

Lower, H 

Then, height of the higher station above the lower^ for feet and 
Fahrenheit's scale. 



Mercury, by 

** attached^* 

Thermometer. 

t 

T 



Air, by 

** detached" 

ThermometA 

r 

T'. 






986 



= 60360 1 log. H — log. h — -000044 (T — <) | . ^1 

aud for metres and the Centigrade scale, 

= 18400 { log. H — log. A— -0008 {T — t)\ (l +^g^. 

Common logarithms are used in both fomiulse. 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows : — 

, /, . T~<(Fahr.) \ ^y, , T — t{Cent) \ ^, 

difference of level for feet and Fahrenheit's scale, 



= 52428 



H-A' 



+h'\ 



1+ 



T'4-^— 64' 



H + A'V" 986 
and for metres and the Centigrade scale, 



): 



->»»»l^<'+w. 
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i LereOteg ^y the ]l«Uiii«-|p«tat of Pare ITalcrb — Let boiling- 
points T. Calculate z as follows : for feet and Eahrenlieit*s scale^ 

z = 517 (212^ _ T) + (212° — T)«; 

or for metres and the centigrade scale, 

z = 284 (100° — T) + (100°— T)«; 

the difference of the values of z at two stations will be their 

difference of level, nearly. 

5. Redaction of Sonndiags. — ^Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

thedatunL 

In the absence of direct observations of the tide, the height of 
the sarfiEU>e of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fall of the tide, and multiply the quotient by 180°; this gives the 
tidal cmgle. Multiply the cosine of the tidal angle by half the 

total rise of the tide ; the product is to be | g^fetracted^from } *^^ 
height of the mean tide-level above the datum, according as the 
tidal angle is { ^:^^^ } . (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12ni. In narrow channels the duration of the rise is less, and that 
of the £Edl greater. 

Section V. — ^Rules relating to Setting Out. 

1. 0ettliii« Oat Centre Iiiaes of BaUwsj Cwrrcs. 

Rule I. (see fig. 45>— To ^ 

find the radius of a circular .'^' ^n 

arc which shall touch succes- ^ ^^''' ^n^ 

sively three given sti-aight lines, ^^^^^^^•^^^^^^''''^'•^^-mw^^z^ji 

B D, D E, EC. Measure the ^y^ ^^^^^^^ 

middle straight line D E, and ^ ^vT 

the aciUe angles at D and K \ 

Then ' Fig. 45. 

D . . E\ 



(If H \ 

tan "2+ tan ^j 
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Rule IL— -To find the points of contact, B, F, 0. 

D E 

DB = DF = radiusxtan-j5-; EF = EC = radiu8xtan^. 

Eule III.— To calculate the lengths of the arcs BF andFC. 

B F = radius x circular measure of D. 
F = radius x circular measure of E. 
(Circular measure = angle in minutes x 00002909 
= angle in degrees x 0*017453; 
see also pages 39 and 41 .) 

Bulb IY. — To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that cii'cle of a siven 
length ; divide the length of the arc by the radius, and multiply 
the quotient by 1718*873; the product will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39^ and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in question \& 
that between the tangent and the chord of the arc. 

BuLE V. — To calculate approximately the chord of an arc of a 

given length in a circle of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radiua 
Bule VL — To set out a 
circular curve of a given 
radius touching two given 
straight lines in given points, 
B, C, fig. 46. 

It is convenient (though not 
always necessary) to find the 
mid(Ue point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance, — 

A D = r • f cosec 2-- 1) > 

then will D be the middle point of the curva 

The points B and C (and also D, if marked^ should be marked 
by stakes, distinguished in some way from tne ordinary stakes, 
which are driven all along the centre line of the proposed railway 
at equal distances of one chain^ or 100 feet, or some other uniform 
distance. 




Fig. 46. 
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Any one of the points B, C, or D will answer as a station for 
the theodolite in ranging the curva When the length of the curve 
exceeds about half a mile, the middle point, D, is the best station 
itt r^ards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, B : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will be called " a chain,** 
whether it is 66 feet, 100 feet, or a greater distance. 

Let o, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B 1 
from the commencement of the curve to the first stake in it will be 
the difference between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Rule IV., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towai-ds A. The 
line of collimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance frx)m B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, <Sec., being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, <&a, which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance; but should curves occur of unusually short radii, calcu- 
late the proper chord by Rule Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the ^eodolite at D, or at any 
other intermediate iK>int in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in ^g, 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and 0, any stake which has 
already been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of ofEaeta, for which see page 137. 
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Rule VIL (see ^g, 47).— To set out a circular curve of a given 
radius^ r, touching two given straight lines, A B, AC, when the 
A^ point of intersection of those lines, A, is 

/^. inaccessible. 

/ \^ Chain a straight line, D E, upon acces- 

sible ground, so as to connect the two 
tangents. The position of the transversal 
D £ is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
Fiff 47 ^ curve in two points, which may be deter- 

mined, and used as theodolite stations. 
Measure the angles A D E, A E D, which may be denoted by 
D and K Then the angle at A is 

A = 180^ — D-Ej 

AD = De4^;AE = DE.«!?-?; 

smA smA 

A A 

DB = r-cotan-;^ — AD; EC = r -cotan -:r-— AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Bule VI. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations ; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11): — 

Let F be the point on the transversal, midway between H and K. 

If B D = C E, the point F is at the middle of D E. If B D and 
C E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

^-^ DE , BD2-CE2 __ DE BD^-CE^. 
I>j^ = _ +_^__„„. EF= j^ 2WE — 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

p^ ^^ 7(DFg + EFi-BD«-CI?) 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r-^r2-FH2. 

The angles subtended at the centre of the curve by the, several 
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arcs between the commencement B and the points H, G, K, C, are 
as follows : — 

"CI TT 

Angle subtended at the centre by B H = D — arc • sin . 

— — — — BG = D; 

— — — — B K = D + arc • sin : 

— — — — BC=D + E; 

and the length of any one of those arcs may be computed by means 
of Rule III. 

Rule VIII. — To set out a circular curve touching two given 
straight lines, when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Rule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground ; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Rule 
YII., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chainiug backwards from that station. 

Rule IX. — To set out a circular curve by offsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 

curve; A B the prolongation of the 

straight line (being a tangent to the 

curve) ; and B the end of the chain when 

laid along that prolongation from the 

last stake in the stmight line. Plant 

a small pole at B, calculate the offset Fig. 48. 

A C2 
B C by the formula B C = ^ — ,, — ; shift the end of the chain, 
•' 2 radius' ' 

and the pole along with it, sideways from B to C, keeping the 

chain tight, and leave the pole at C. 

Drag the chain onward in the prolongation of A C; range a 

pole at D in a straight line with A and 0, and at one chain*s dis- 
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tance from C; shift the pole and the end of the chain through the 

Q ■gj , A T) 

offset D E, calculated by the formula, D E = -^ r» — • 

•^ '2 radius 

Drag the chain onward; range a pole at F in a straight line 
with C and E, and at one chain's distance from E; shift the pole 
and the end of the chain through the offset F G, calculated by the 

CE2 
formula F G = —-7; — ; leave the pole at G, and repeat the sanie 

process for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

Rule X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angalar 
insti-uments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 



versm 



i»T=^- V^- 



versin B 
2 ' 




Fig. 49. 



To apply this principle, let 
B A, C A, in fig 49, be the two 
tangents, and B and C the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
calculation. Measure the chonl 



BC. 



To find the radius, bisect B in E, measure A E, and make 

ABBE 



radius = 



AE 



Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows : — 

AB - BE 



versin B = - 



AB 



and by means of the first formula of the rule (using a table of 

* "D "D T> 

squares, if one is at hand) calculate the versed sines of -5^, —, -^, 

&c., in succession, observing that versin B enables one intermediate 

B B 

point in the curve to be found, versin ^, three points, versin j, 
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B 

Beven points; and generally, that versin -^ enables 2* +^ — 1 in- 
termediate points in the curve to be found. 

From the middle, E, of the chord B C, and perpendicular to it, 
lay off the offset E D = r versin B; D will be the middle point of 
the curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to them, lay off the offsets 

■D 

H K = I L = r versin -^; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by poles. 

Then chain round the curve as ranged by the poles, and drive 
stakes at equal distances apart. 

The uniformity of the curvature may be finally checked by 
Rule IX. 

2. Cant of Balls of a Carve. — Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32; 

For speed in miles per hour and radius in feet, 15 ; 

For speed in metres per second and mdius in metres, 9*8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 





Ft 


In. Metres. 


British narrow gauge. 


4 


8i = 1-435 


British broad gauge. 


7 


= 2134 


Irish gauge, . 


5 


3 = 1-600 



Half of the cant should be given by raising the outer rail above the 
level of the centre line, and half by depressing the inner raiL 
Examples of cant in feet for 40 miles an hour : — 



Qange. 
Ft In. 




4 Si ... 500 


-T- radius in feet. 


5 3 ... 560 


-r radius in feet 


7 ... 747 


-T- radius in feet. 



Additional cant for cylindrical wheels at speeds not exceeding 12 

miles an hour, 600 feet -h radius in feet. 

3. To Base Chaages of Canratare {Froude*8 Method), 

B^n by ranging the centre line as a series of straight lines and 

circular arcs, by the rules of Article 1 of this Section. Calculate 

the cant of each curve by the iiile of Article 2. 
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Rule I. — Compute the several changes of cant at the junctions 
of curves with straight lines and with each other, observing that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are curved in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the grealest change of cant by 300; the product will be 
the length of the curve of adjibstmerU, 

E.ULE II. — Compute, for each circular arc of the series, the fihifi 
as follows : — 

Shift = (length of curve of adjustment)^ h- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
^g, 50, let A B, £ C be a pair of consecutive circular arcs, marked 




Fig. 60. 

by poles, and joining each other at their point of contact, B. Let 
B E, B F be the shvfls proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at E F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

Rule III. — Set out the " curve ofadjuslrrveTd " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Rule I. For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
6, the gap E F, or sum of the shifts; 
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X, the distance, measured on the drcolar arc, of anj point 
from I or from K, as the case maj be; 
the ordinate; then 

45«8 

Example. — A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet - 1,320 = -3788 foot; 
Length of curve of adjustment, a = -3788 x 300 = 113*6 feet; 
Shilt for cii-cular arc = (113-6)2 « 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap b.) 

A ^ .407 /-s 
Formula for ordinates, y = .^^ ' = -000,001,11 a^. 

BuLE lY. — ^To connect a circular arc and a straight line, or two 
drcular arcs, which do not touch or cut each other, hy means of a 
curve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverse directions are to be connected; ^g, 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by iirst finding 
tvo pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
and F be the pair of points thus 
foxmd; measure the gap E F, then »g- ol. 

calculate the half-length of the curve of adjustment by means of the 
following formula, in which r and / denote the radii of the arcs to 
be connected : — 

the sign + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -f- / is to be made = 0; so that the 
formula becomes 

EI = FK= V6EF-r. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 

4. BiwiiAh •f FMrsatioB of a Baiiwaf . — The following are ex- 
amples :— > 
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Single Line. SSga 

Ft In. 

Clear 8f>ace outside of rail, 4 o 

Head of rail, o 2^ 

Gauce, 4 Sj 

Head of rail, o 2^ 

Clear space outside of rail, 4 o 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 13 li 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( f-^^. - ,q1 ) 
benches beyond them, on em- ■{ x^ o ,qi } 
bankments, ( ^ 4) 

Total breadth of top of embank- ) from 17 o ( 

ments, ( to 22 o \ 



Irish 


Broad 


Gauge. 


Q4Qgft 


Ft In. 


Ft In. 


4 


4 


2j 


2i 


5 3. 


7 


2i 


2i 


4 


4 


13 8 


15 5 


4 4 


9 2 



18 o 



24 7 



Double Line. 



Clear space outside of rail, 

Head of rail, 

Gau^e, 

Heaaof rail, 

Middle space (called the **8ixfeet").. 

Head of rail, 

Gauge, 

Head of rail, 

Clear space outside of rail, 



Narrow 
Gauge. 
Ft In. 

4 
o 

4 
o 
6 
o 

4 
o 

4 



Irish 
Gauge. 
Ft In. 






4 


4 


24 


24 





84 


5 3 


7 


24 


24 








6 


6 


24 


24 





84 


5 3 


7 


24 


24 








4 


4 



24 3 



28 
33 



II 



25 4 



4 8 



30 o 



Broad 
Gftoge. 
Ft In. 

2k 


A 


2l 

2i 




28 10 
9 2 
38 



Least breadth of to^ of ballast ; and ) 

least width admissible for archways, > 

&C., traversed by the railway, ) 

Spaces for slopes of ballast and ( ^ 

trenches beyond them, on em- < . 

bankments, ( 

Total breadth of top of embank- ( from 
ments, ( to 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimmn spans 
shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5, Breadths of Slopes of Earthwork. — Let h denote the central 

depth of the piece of earthwork, whether cutting or embankment; 
b, the half-breadth of its base, or formation; 
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he rate of slope of the earthwork ; that is, 8 horizontal to 1 

vertical; 

he rate of sidelong slope of the natural ground, if any ; 

that is, r horizontal to 1 vertical ; 

the required breadth of the slope of the earthwork, 

I. — ^In ground level across, B = « A. 

IL — In ground that slopes away from the base, 



r — 8 \ r/ 



m. — In ground that slopes towards the base, but without 
iing it; 

r -h 8 \ r/ 

rV. — In ground that intersects the base between the centre 
the edge of the earthwork, 



B: 



^.•e-> 



1 V 

N E ^ 



DN YI. — EULES RELATING TO MENSURATION OP EaRTH 
WORK. 

^oaal Areas of Earthwork. — Figs. 52, 53, and 54 repre- 

■P, N_. 

g c H 



Fig. 52. Fig. 53. 

imples of cro88'Sect{on8 of pieces of earthwork, in each of 

) E is the base, A B the 

surface, and D A and E B 

slopes. 

52 and 53 represent cut- 

represent embankments, 

1 them to be turned upside 

54 represents a piece of earthwork, of which one side, 
is in side cutting, and the other, Q I) A, in embankment 
allowing are the symbols used in the rules : — 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 

Slope of the earthwork, s (horizontal) to 1 (vertical). 

Half-breadth of baae, D F = F E = 6. 

Central depth, C F = h. 

Area of cross-section, , A. 

In many measurements of earthwork having sections sucli as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = ^ +— =^. 

To find k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

BuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = sA;2 

Or otlienmse,-^ 

BuLE Ia. 

A = rectangle D G H E + 2 triangle AT) G = 2 b h ■\- sJf, 

BuLE II. — ^When the ground has an uniform sidelong slope, not 

intersecting the base, as in fig. 53, 

r^ s }^ 

A = triangle A B K - triangle D E K = -^— — ^ • 1^ - - . 

BuLE III. — To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross-section in side- 
long sloping ground; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively ; that is to say, in fig. 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

A;'= V(KM-KP); 
and the area may be found by Bule I., as follows : — 

&2 fc2 

8 8 

BuLE IV. — When the ground has a sidelong slope intersecting 
the base at Q, in ^^, 54. Let A' be the larger and A" the smaller 
division of the cross-section. 

A' = triangleQEB = |^^'; 
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A-^triangle Q D A = ^7'"*^ . 



▼•lames mr <|— titira •€ ITwihwfc, — ^RuUE L — Wlien a 

1 of equidistant cross-aectioiis are giveD, see p. 72, Article 5; 

he rules there referred to. A, B, C, pages 64 to 66. 

i<E 11. — When the piece of earthwork to be measored is a 

moid," as shown in page 74, fig. 12, use the rule giren in 

page below the figure. 

e most simple algebraical expression of that rule, as applied to 

•resent case, is as follows : — ^The prismoidal piece of earth to 

easured is to be considered as formed bj a wedge €i a cross- 

n such as A B K in fig. 52 or fig. 53, from wluch is taken 

a wedge of uniform cross-section such as D E K« 

b X denote the length of the piece of earth; k^ and k^ the 

3 of the cmgmented depth C K at its two ends; then, 

'<■'""' = '■{ 50^ • (^ *'*•* *^ * *^) -? } 

3 last formula is specially suited for calculation bj the aid of 
e of squares. 

len the groxmd is level across, the co-efficient of the first term 
les simply = «. 

3 quantity in brackets by which the length x is multiplied is 
ean sectional a/rea, 

the measurements are in feet, the preceding rules give 
ities in cubic feet. To reduce these to cubic yards divide 
= 27. 

LE III. — ^When earthwork on sidelong ground occurs on a 
curve. By the rules of pages 142, 143, calculate the half- 
bhs (A L, B N, fig. 53) required for the two slopes; take 
iifierence, and divide it by three times the radius of the curve; 
lotient is to be added to or subtracted from 1, according as 
reater half-breadth lies from or towards the centre of the 
The result will be a factor by which the area A B K in 
\ — ^that is, the first of the two terms of the formula in Rule II., 
144 — is to be multiplied. From the product subtract the area 
£; the remainder will be an area modified for curvature; 
)roceed as in Rule I. of this Article. 
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RULES AND TABLES RELATING TO DISTRIBUTED 
FORCES AND MECHANICAL CENTRBa 

1. speciiic amritj (as stated at page 102) is the ratio of tbe 
weight of a given bulk of a given substance to the weight of the 
same bulk of pure water at a standard temperature. In Britain, 
the standard temperature is 62® Fahr. = 16''*67 Cent. In France 
it is the temperature of the maximum density of water = 3^*94 
Cent. = 39°-l Fahr. 

In rising from 39°*1 Fahr. to 62° Fahr., pure water expands in 
the ratio of 1*001118 to 1; but that difference is of no consequence 
in calculations of specific gravity for engineering purposes. 

Rule I. — To find the specific gravity of a solid body that is 
heavier than water approximately, by experiment. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight when immersed (or btwyancy)', 
the quotient will be the specific gravity. 

Rule II. — When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as befora 

Rule III. — To find approximately the specific gpravity of a 
liquid ; weigh some convenient solid body in air, in pure water, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient will be 
the required specific gravity. 

Rule IY. — To find approximately the specific gravity of a solid 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid, and 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinaij 
practical purposes the error so occasioned is immaterial. 
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% The HcariacM of anj substance (as stated at page 102) is the 
height of an unit of volume of it in units of weight 

In British measures heaviness is most conveniently expressed in 
&. amrdupais to tke cubic foot; in French measures, in laJLo- 
gramTMs to the cubic decimetre, 

RuLB V. — Given, the specific gravity of a substance; to fiud its 
lemness; multiply by the heaviness of water. 

(In British measures 62*4 lbs. to the cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and specific gravity being identical.) 

3. The Deaaity of a substance is either the number of units of 
9MM9 in an unit of volume (see page 104), in which case it is equal 
Jo the heaviness,-— or the ratio of the mass of a given volume of 
ilie substance to the mass of an equal volume of water, in whidi 
ase it is equal to the specific gravity. 

In its application to gases the term '^ Density" is often used to 
enote the ratio of the heaviness of a given gas to that of air, at 
b same temperature and pressure. 

4. The JBaiktecM of a substance is the number of units of volume 

hich an unit of weight fills; and is the reciprocal of the heamness, 

^ Table of Keciprc^als, page 11.) 

In British measures bulkiuess is most conveniently expressed in 

Hcjeet to the lb. avoirdupoia; in French measures, in cubic deci- 

tree to the hUogramime. 

Ru£e VI. — Given, the specific gravity of a substance; to find 

bulkiness; divide the bulkiness of pure water by the specific 
kvity of the given substance. 

[In British measures 0-01602 cubic foot of pure water to the lb. 
near enough for practical purposes; in French measures the 
Ikiness of pure water is 1.) 

5. Bflect mt H«u •■ JBnikiBCM.— Eise of temperature produces 
ith certain exceptions) increase of bulkiness. 
Rule VIL (For perfect gases). — Given, the bulkiness of a 
feet gas at the temperature of melting ice; to find its bulkiness 
ier the same pressure at any other temperature; multiply by 
) given temperature, as reckoned from the absolute zero (see page 
5), and divide by the absolute temperature of melting ice (274'* 
nt. = 493°-2 Fahr.) 

RuLB VIIL (Approximate rule for water). — Divide the given 
nperature by 500** Fahr. or 278** Cent; divide 500° Fahr. or 
8^ Cent by the given abedute temperature; multiply the half- 
m of the quotients by the least bulkiness of water (001602 cubic 
etto the lb., or 1 cubic decimetre to the kilogramme); the product 
ill be the required bulkiness nearly enough for practical P^i^P^^®^^ 

ExAHPLE. — Given, temperature on common scale, 212^ Fahr.; 
Mit is, 212^ + 461*'-2 = 673^2 Fahr., absolute. 
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9 V 500 "^ fi7^/ ~ I'^^^j ^^^ lo which the bulkineas is 
increased (the exact ratio is 104775^ so that the error is abool 

-V 

4uoy' 

0-01602 X 1-045 = 0-01675 cubic foot to the lb.; bulkineBS 
required, nearly 

-rwr^ = 59*7 lbs. to the cubic foot; corresi^)onding heavinen^ 

nearly. 

The following are the rates of expansion in bulk, in risiiigfitnii 
the freezing point (0° Cent, or 32^ Fahr.) to the boiling point (lOO* 
Cent, or 212° Fahr.) of some materials : — 

Perfect gases, 0-365 

Air at ordinary pressures, ^.o'^66 

iPure water, 0'04775 

Sea-water, ordinary, 0*05 

Spirit of wine, 0*1112 

Mercuiy, 0-018153 

Oil, linseed and olive, o-o8 

Brass, 0-0065 

Bronze, 0*0054 

Copper, 0-0055 

Cast iron, 0*0033 

Wrought iron and steel, 0-0036 

Lead, 0-0057 

Tin, 0-0066 

Zinc, 0-0058 

Brick, common, o*oio6 

„ fire, 0*0015 

Cement,. 0*0042 

Glass (average),.. 0-0027 

Slate, 0*0031 

6. Sflfect of Preunre on BnUdncM of Perfect Oaoes. — Given, ^ 
bulkiness of a perfect gas at a given temperature and under tbo 
absolute pressure of one atmosphere ; to find the bulkiness s* 
the same temperatui-e under any other pressure; divide byt^ 
absolute pressure in atmospheres (see page 115). 

7. fixpianatioH of the Tables. — ^Table I. is a general taUe « 
heaviness in lbs, to the cubic foot for gases, liquids, and sohda, an^ 
of specific gravity for liquids and solids. Table II. gives ^ 
heaviness of eai*th in lbs. to the cubic foot and to the cubic J^ 
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!. gives the heaviness of various kinds of rock in lbs. to 
foot; and to the cubic yard; and the bulkiness in cubic 
3 ton. Table lY, gives, for various metals, the weights of 
ch (column A); of a bar a foot long and an inch square 
B); of a round rod a foot long and an inch diameter 
)) ; of a plate a foot square and an inch thick (column D) ; 
foot (column E); and of a sphere one inch in diameter 
F). To find the weight of one foot of a round rod of 
r given in inches; multiply the number in column C by 
e of the diameter. For the weight of a foot of a cylin- 
e, mxdtiply the number in column C by the difference of 
ia of the outside and inside diameters. For the weight 
sphere, mxdtiply the number in column F by the cube of 
3ter. For the weight of a hollow sphere, multiply the 
iber by the difference of the cubes of the outside and 
meters. 



WERAL TABLB of HEAVINESS AND SPECIFIC GRAVITY. 

Weight of a cabio 
foot in 

32° Fahr.^ and under one atmosphere : ^^ avoirdupoia 

0*080728 

Dnic acid, 0*12344 

rogen, 0005592 

jen, 0*089256 

>gen, 0*078596 

Q (ideal), 0*05022 

3r vapour (ideal), 0*2093 

phuret-of-carbon vapour (ideal), 0*2137 

mtgas, 0*0795 

b 32^ Fahr. (except Water, ^^JJ^fiJ "^^^^ ^^ 

8 taken at 39***I Fahr.): Iba avoirdupois. pure water = l 

3r, pure, at 39°*iy 62*425 i*ooo 

sea, ordinary, 64*05 i*026 

bol, pure, 49*3^ 0*791 

proof spirit, 57'i8 0*916 

3r, 44*70* 0*716 

ury, 848*75 13*596 

Ltha, 5294 0*848 

inseed, 5868 0*940 

>live, 57*12 0*915 

whale, 57*62 0*923 

>f turpentine, 54*3i 0*870 

»leum, 5481 0-878 
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Weight of a cafato 8p< 

foot in gn 

Ibfl. aToirdupoia. pnrev 

SouD Mineral Substances^ non-metallic : 

Basalt, 187-3 

Brick, 125 to 135 2 to 

Brickwork, 112 

Chalk, 117 to 174 1-87 i 

Clay, 120 

CoslL, anthracite, 100 

„ bituminous, 77*4 to 89*9 1*241 

Coke, 62-43 *o 103-6 i-oo 

Felspar, 162*3 

Flint, 164-2 

Glass, crown, average, 156 

„ flint, „ 187 

„ green, „ 169 

„ plate, „ 169 

Granite, 164 to 172 2*63 

Gypsum, i43'6 

Limestone (including marble), i69toi75 2') 

„ magnesian, 178 

Marl, ,,...., 100 to 119 i-( 

Masonry, ,.,,, 116 to 144 1*8^ 

Mortar, 109 

Mud, 102 

Quartz, , 165 

Sand (damp), ....« 118 

„ (dry), 88-6 

Sandstone, average, 144 

„ various kinds, 130 to 157 2-08 

Shale, 162 

Slate, 175 to 181 2'i 

Trap, 170 

Metals, solid : 

Brass, cast, 487 to 524*4 7-1 

» wire, 533 

Bronze, 524 

Copper, cast, 537 

>i sheet, 549 

„ hammered, 556 

Gold, 1186 to 1224 19 

Iron, cast, various, 434 to 456 6g[ 

„ average,.. 444 

Iron, wrought^ various, 47 4 to 487 7 ( 
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Weight of a cnbio Specific 

foot in gravity, 

lb& ayoirdnpoia pore water s L 

[etals, solid, — continued. 

Iron, wrought, average, 480 7*69 

Lead, 712 11*4 

Platinum, 1311 to 1373 21 to 22 

Silver, 655 10-5 

Steel, 487 to 493 7-8 to 79 

Tin, 456 to 468 7-3 to 75 

Zinc, 424 to 449 6*8 to 7*2 



!imber:* 

Ash, 47 0753 

Bamboo, 25 0*4 

Beech, 43 0*69 

Birch, 44*4 0711 

Blue-Gum, 52*5 0843 

Box, 60 0*96 

Bullet-tree, 65*3 1*046 

Cabacalli, 56*2 0*9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 334 0*535 

Cowrie, 36*2 0*579 

Ebony, West Indian, 74*5 i'i93 

Elm, 34 0*544 

Fir: Ked Pine, 30 to 44 0*48 to 0*7 

„ Spruce, 30 to 44 048 to 0*7 

„ American Yellow Pine,.. 29 0*46 

„ Larch, 31*035 0*5 to 0*56 

Greenheart, 62*5 1*001 

Hawthorn, 57 0*91 

Hazel, 54 0*86 

Holly,.... 47 076 

Hornbeam, 47 0*76 

Laburnum, 57 0*92 

Lancewood, 42 to 63 0*675 ^ ^'^^ 

Larch. See "Fir." 

Lignum-VitsB, 41 to 83 0*65 to 1*33 

Locust, 44 0*71 

Mahogany, Honduras, 35 0*56 

„ Spanish, 53 0*85 

Maple, 49 0*79 

Mora, 57 0*92 

* The Timber in every case is supposed to be dry. 
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Weight of a onldo Spedfl« 

foot in gravity, 

IbB. ayoirdupois. puie water =L 

Timber, — eontinned. 

Oak, European, 43 to 62 O'dptoo'pp 

„ American, Red, 54 087 

Poon, 36 058 

Saul, 60 096 

Sycamore, 37 0'59 

Teak, Indian, 41 to 55 0*66 to 0*88 

„, African, 61 0*98 

Tonka, 62 to 66 0*99 to i-o6 

Water-Gum, 62-5 i-ooi 

Willow, 25 0*4 

Yew, 50 0-8 

II. — ^Heaviness op Eabth. 

GnbioFoot Cable Yard. 

Chalk, from 117 to i74lbs. from 3160 to 4730 \b^ 

Clay, „ 120 to 135 „ „ 3240 to 3645 y, 

Gi-avel and Shingle,.... „ 90 to no „ „ 2430 to 2970 ,^ 

Marljl „ iootoii9 „ „ 27ooto32io,^ 

Mud, 102 „ „ 2750 ^^ 

Sand, dry, 89 „ „ 2400 ^^ 

„ damp, ;.. 118 „ „ 3190 ^^ 

Shale, , 162 „ „ 4370 ^^ 

IIL — Heaviness and Bulkiness of Rock. 

Lbs. in one Lbs. in one Cable Feet 

Cubic Foot Cubic Yard. to a T<m. 

Basalt, 187 ... 5060 ... 12 

Chalk, 117 to 174 ... 3160 to 4730 ... 19-1 to 12 ^^ 

Felspar, 162 ... 4370 ... 13-8 

Flint, 164 ... 4430 ... 136 

Granite, 164 to 172 ... 4430 to 4640 ... I3'6 to 13 

Limestone, 169 to 175 ... 4560 to 4720 ... 13*2 to 12 '5 

„ magnesian, 178 ... 4810 ... 12*6 

Quartz, 165 ... 4450 ... 13*6 

Sandstone, average,., n 144 ... 3890 ... I5"6 

kkids,..^!!!.^!} '30 to 157 ..• 3510 to 4240 ... 17-2 to 14-3 

Shale, 162 ... 4370 ... 13-8 

Slate (Clay), 175 to 181 ... 4720 to 4890 ... 12*8 to 124 

Trap, 170 ••• 4590 ••• 13-2 



HEAVINESS — CENTRE OP GRAVITY. 
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7. — Cubes, Rods, Plates, Bars, and Spheres. 

A. K 0. D. E. P. 

lb& lbs. IbB. lbs. lb& 

jjavei-age,... 0298 2-8r 358 43-0 516 0-156 

e, 0-308 2-91 3-70 44-4 533 0-162 

0303 2-86 3-64 43-7 524 0-159 

leet, 0-318 2-99 3-81 45-75 549 o-i66 

immered,... 0-322 3-03 386 46-3 556 0-168 

, average, ... 0-257 2-42 3-08 37-0 444 0-134 

ght, average, 0-278 2*62 333 40-0 480 0-146 

0-412 388 4*94 59*3 712 o-2i6 

:age, 0-283 267 3-40 408 490 0-148 

ge, 0-267 2-52 3*21 38-5 462 0-140 

age, 0-252 2-38 3-03 363 436 0132 

re of Orarity— iniMiient of ITelght. — ^BuLE I. — ^The ceDtre 

of a body of uniform heaviness is its centre of magnitude. 

. 81 to 88.) 

[. — ^To find the moment of a body's weight relatively to 

%ne of momervbs ; multiply the weight by the perpendicular 

f the body's centre of gravity from the given plane. 

-In comparing together or combining the moments of 

hich lie some at one side and some at the other side of a' 

moments, those moments are to be distinguished into 

3d negative, according to the sides of the plane at which 

ts lie. 

II. — ^To find the common centre of gravity of a set of 

bodies; find their several moments relatively to a con- 

sed plane; find the resultant of those moments by adding 

separately, the positive and negative moments, and 
J difference between the two sums, which will be positive 
e according as the positive or negative sum is the greater, 
at resultant moment by the total weight; the quotient 
e perpendicular distance of the common centi-e of gravity 
ixed plane ; and its positive or negative sign will show at 
3 of the plane that centre lies. If necessary, repeat the 
ess for a second and a third fixed plane, so as to deter- 
position of the required centre completely. The two or 
les (as the case may be) are usually taken perpendicular 
her. 

V. — To find the centre of gravity of a body consisting of 
mequal heaviness; find separately the centres of those 

treat them as detached weights by Kule IIL 
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9. raoment of Inertia and Badins of GsmitioB* — ^RULE I.~To 
find the moment of inertia of a body about a given axis; conceiYe 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicular 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and moie 
numerous will be the required moment of inertia* 

Rule II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction ; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the mass (or weight) of the body by the square of the perpendiccdar 
distance between the two axes, and to the product add the given 
moment of inertia. 

Rule III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres oi 
gravity ; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply th^ 
mass (or weight) of each body by the square of the perpendiculasr 
distance of its centre of gravity from the common axis; ad<^ 
together all the products, and all the separate moments. of inertia ) 
the sum will be the combined moment of inertia. 

Rule IY. — ^To find the square of the radius of gyration of ^ 
body about a given axis; divide the moment of inertia of the hodL^ 
about the given axis by the mass (or weight) of the body. 

Rule Y. — Given, the square of the radius of gyration of a bodLj 
about an axis traversing its centre of gravity in a given directioB::^; 
to find the square of the radius of gyration of the same body abo*«3t 
another axis parallel to the first; to the given square add tB^e 
square of the perpendicular distance between the two axes. 



10. — Table op Squares op Radii op Gyration. 



BODT. 


Axis. 


Badiu&> 


I. Sphere of radius r, 


Diameter 

Polar axis 
Axis, 2a 

Diameter 

Diameter 


2r« 
T 

2r« 
T 

5 


II. Spheroid of revolution— polar semi- 
axis a, equatorial radius r, 

TTT. l^llnnnifl — nAmi-ATi^ /z.. h. /•. 


IV. Spherical shell— external radius r, 
internal /, 

V. Spherical shell, insensibly thin — ra- 

rliiiA r. f>1iio.knAafi dr. 


2r« / 




' 1 
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Body. 

VL Circular cylinder — ^length 2a, radins r, 

JJL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes b, c, 

HL Hollow circular cylinder — length 2a, 
external radius r, internal / 

IX. Hollow circular cylinder, insensibly 
thin — length 2a, radius r, thickness 
dr, 

X. Circular cylinder — ^length 2a, radius 

n 

XL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes 6, c, 

UL Hollow circular cylinder— length 2a, 
external radius r, internal /, 

rn. Hollow circular cylinder, insensibly 
thin — radius r, tnickness dr, 

IV. Ecctangular prism— dimensions 2a, 
26,2c 

CV. Bhombic prism — ^length 2a, diagonals 
26,2c 

^I. lUiombic prism, as above, 



Axis. 


Radius. 8 


Longitudinal 
axis, 2a 


2 


Longitudinal 


b^+c^ 


axis, 2a 


4 


Longitudinal 
axis, 2a 


2 


Longitudinal 
axis, 2a 


r« 


Transverse 
diameter 


r* a* 
4 "^3 


Transverse 
axis, 26 


4+T 


Transverse 
diameter 


r2+t/« a« 
4 ■*"3 


Transverse 
diameter 


r* a» 
-2 + 3 


Axis, 2a 


6«-l-c» 
3 


Axis, 2a 


b^+c^ 
6 


Diagonal, 26 


c^ a« 
6 + 3 



1. Centra of PercnMion — E^niralent Binipte Pendnlnm. — RULB 
■To find the centre of percussion of 
Lven body turning about a given 

I. 

a fig. 55 y let XX be the given 
I, and G the centre of gravity of 
body. From G let fall G C perpen- 
ilartoXX. Through G draw GD 
Ekllel to X X, and equal to the 
lus of gyration of the body about 
axis G D. Join CD. T hen will 
5 = C D = n/ G D2 + C G2 = the 
ius of gyration of the body about 
S. From D draw D B perpen- 




Fig. 55. 
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diciilar to C D, cnttiiig C G produced in B. Then will B be ib^« 
centre of percussion of the body for the axis X X. 

To find B by calculation; make G B = ~-^ . 

C is the centre of percussion for an axis traversing B paralld 
to XX. 

EuLE II. — To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
X X; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and C and B the two parts; then 
^ WGB -, WGC\ 
^=""CB7'^ ~CB~7 

(The "equivalent simple pendulum'' has the same weight witb 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B. ) 

12. E^nlTBlent Blng, mr E^nlTalent Fly-whecL— When the given 
axis traverses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concenianted 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent 
fly-wheel" 

13. The Ccnm of P r e — r e in a plane surface is the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

EuLE. — Conceive that upon the pressed sur&ce as a base, there 
stands a prismatic solid of a height at each point of that sui&oe 
proportional to the intensity of the pressure (page 103) ; the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

I. VniferaB PreMMTO.— When the intensity is uniform, the centre 
of pressure is at the ceruse of magnitvde of the pressed sur&use. (See 
page 49.) 

II. VnifM-miy Tarring Prci— re— When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the centre of percussion of the 
pressed surfiau^e, relatively to that axis (see page 155) ; the surface 
being regarded as a thin plate of uniform tiiiekness and 
heaviness. 



CENTRE OF PBESSUBE-— CENTRE OF BUOTANCT. 
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Examples of Centres of TJNiFORMLT-yARYiNO Pressure. 

Id each of the following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
by h; and that of the centre of pressure from the axis by k. 



Fienss of Pbxsbkd Subvacs. 



Parallelogram, . 
Triangle, 



Triangle, 

SemiciTcle or semi-ellipse,.. 
I Circle or ellipse, 



Hollow rectaiij^le, — 
outer dimensions, h x ^,... 
inner dimensions, h' xh\.„ 

Hollow square, h^ — h!^,.. 



Hollow ellipse, — " 

onter dimensions, h x h, ' - 

inner dimensions, ^^ x A', ... i 

Hollow circle, — 

onter diameter, A, 

inner diameter, h' 



Axis. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diameter. 

Tangent. 

One edge 

of the 

outer boundary. 

Do. 

( Tangent to ) 
I the outer > 
( boundary. ) 

Do. 



* = 



\h. 



0-58905A. 

~2'^6h(bh — b'hy 

3"*"6A* 
h bh^^b'h'* 
2^8h{bh-b'h'y 

5h h^ 
8 '^8h' 



14. The Centre of Bnoyancy of a solid wholly or partly immersed 
in a liquid is the centre of gravity of the mass of liquid displaced. 
The resultant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 



PART V. 

RULES RELATING TO THE BALANCE AND STABILITY 
OF STRUCTURES. 

Section I. — Composition and Resolution op Forces. 

1. The Resultant of a Distributed Force.— RuLE I. — To find the 
resultant of a body's weight; find the centre of gravity of the body 
(as in page 153); the resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule II. — To find the resultant of a pressure ; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The wmmimJb of the pressure is 
equal to the area of the pressed surface, multiplied by the m«Mi 
intensity of the pressure, and is also equal to the weight of tbe 
imaginary prismatic solid mentioned in page 156, Article 13.) He 
mean intensity of an uniformly va/rying pressure is its intensity at 
the cen^e of magnitude of the pressed surface. (See page 49.) 

2. Rcsnitaut of Forces acting tiirough oue Poiut. — RULE III. — 

If the forces act along one line, all in the same dii*ection, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their algebraical sum; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and its direction will be 
the same with that of the forces whose sum is the greater. 

Rule IY. — If the forces act along 
two lines, O X, O Y (fig. 56), lay off 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces ; through A draw A C 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the diagonal 
O C will represent the resultant 
_ required, in direction and maimi^ 
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Formula for finding the magnitude of O C by calculation : 
0C=.a/|0A2 + 0B2 + 2 0A-OBC08AOB. I 
^onnulse for finding the direction of O C by calculation : 
ainA0C = 8inAOB-~?; sin BOO = sinAOB-^. 

EuLE V. — Given, the directions of three forces which balance 
^ other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
^ther will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation; let A, B, C, stand 
fer (he magnitudes of the three forces; A O B, B O C, C O A, for 
the angles between their directions; then 

8inB0C:sinC0A:sinA0B::A:B:a 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

BxTLR YI. — To find the resultant of any number (F^, Fg* ^8> 
<fea, fig. 57) of forces in difierent direc- ^ 

tions, acting through one point, O. ^ "^^-A 

Commence at the point of application, «..^.^^^^ 'y ^,^^^^ / \ 
and construct a chain of lines repre- «'*'^"^j/^* ^^ — ^ — -^^ 

senting the forces in magnitude, and >/\^^^'^'^'*-»<::/^ 

parallel to them in direction, (O A = *^ — -V — -;*'-'*" » 

and II F,, A B = and jj Fjj, B C = and "^y' 

II F^ &a) Let D be the end of that *^^- ^^' 

chain ; join O D, this will represent the required resultant ; and 
a force (Fg) equal and opposite to O D will balance the given 
forces. 

(This rule is applicable whether the forces act in one plane or in 
difierent planes.) 

3. Be«olaU«B •f a F«rce into Inclined Components.— A Single 
force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

RxTLE VII. Two ComjHynmts. — In fig 56, page 158, let O C be the 
given force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and C B parallel to O X, cutting O Y in B; O A and O B 
will be the required components; and two forces respectively 
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equal to and directly opposed to these will balance O 0. For the 
proportionate magnitudes of the components^ see Article 2 of this 
section, Rule V., page 159. 

BuLE VIII. Two RectanguUw Componenis. — ^When the directions 
of the required components are perpen- 
dicular to each other, let E. denote the 
resultant, or force to be resolved; Xand 
T the required components, » and /S the 
angles which thej make respectively inth 
R Then 

«+ i8= 90°;X = Rco8« = Rsin/J; 

Y = R cos /8 = R sin «; 

X2 + y2 = R2. 

Observe that cosines of obtuse angles are 

negativa (See page 53, line 2.) 

p. gg Rule IX. Three Components. — ^Infig. 

58, let O Bi represent the given force 

which it is required to resolve into three component forces, acting 

in the lines O X, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
YOZ, Z O X, X O Y, and cutting respectively O X in A, OYin 
B, O Z in C. Then will O A, O B, O C, represent the component 
forces required. 

Rule X. Three Rectangular Components, — ^When the directions 
of the three requii*ed components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, /3, y, the angles which they respec- 
tively make with R Then 

cos 2« + cos 2/3 + cos 2y = 1 ; X = R COS a] 

Y = R cos /3j Z = R cos yj X2 + Y2 + Z2 = R2 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Resultant of any Nnmber •€ Inclined Forces Acting tlurongh 
one Point. — To solve the same question by calculation that is 
solved in Rule VI. by construction. 

Rule XI. (When the forces act in one plane.) — ^Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, 2 Y) ; these will be the rectangtdar components qfthe reguUatU 
"R of all the forces 'y that is to say. 



E = y/{(SX)8 + (2Y)«}i 
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and if « be the angle which K makes with X, 

2X . 2 Y 

cos » = -^o— ; sm » = -r^-. 

BuLE XII. (When the forces act in different planes). — Assume 
aDj three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, Z) along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangvla/r componerUs of the 
resuttarU of ail ihe forces; and its magnitude and direction wUl be 
given by the following equations : — 

R =a/ j(2X)2 + (2Y)2 + (2Z)2l. 

2X ^ 2Y 2Z 

cos « = -^ j COS /3 = ^-; cos y = -g-. 

5. Coaplea.— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the army span, or leverage; and the 
product force x leverage = F L, is the 
statical moment of the couple, which is 
right or left-handed according as the ^ _. 

couple tends to turn the rigid body, as *^' ' 

seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

KuLE XIII. — To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
according to the direction of the moments whose sum is the 
greater. 

KuLE XIY. — To represent the moment of a couple by a single 
line. Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, ^g. 59), in such a 
direction that to a spectator looking from O towards M, the couple 
shall seem right-handed. The line O M is called the axis of the 
couple. 

Couples as represented by their axes are compounded and 
resolv^ like single forces, by Eules I. to XII. of this section. 

M 
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Fig. 60. 



Rule XV. — To find the resultant of a single force, F, applied 
to a rigid body at O^ and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resdtaat 
required. 

(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

Rule XVI. — To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In ^g. 60, let F be the 
given force acting in the line E D, and B a given point not in ED. 
Through B conceive a pair of equal and contrary 
forces to act in a line parallel to E D; viz., + F 
equal to F and in the same direction; and - F 
equal to F and in the contrary direction ; also, 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple offerees Fand— F, 
with the arm A B and moment F x A B ; which 
couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called ^ Tnoment of the force F 
retaJtivdy to the point B; or relatively to the 
aocis O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a j^nt 
traversing B perpendiculai'ly to A B. 

6. Parallel F«rce«,— RuLE XVII. — To find the resultant of two 
parallel forcea The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latt^ 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows : — Fig. ^2 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A D 
and B E be the components. Join A E and B D, cutting each 
other in F. In B D (produced in fig. 63), take B G = D F. 




Fig. 61. 
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Through G dmw a line parallel to the components ; this will be 
the line of action of the resultant. To find its magnitude by con- 




struction : parallel to A E, draw B and D H, cutting the line 

of action of the resultant in C and H; C H will represent the 

i*esultant required ; and a foree equal and opposite to C H will 

balance A D and B E, 

To find the line of action of the resultant by calculation; make 

either 

^^ ADDB ^^ BEDB 
B G = — TT^F? — ; or D G = 



CH 



CH 



Rule XYIII. — ^When the two given parallel forces are opposite 
and equal, they form a couple^ and have no single resultant. 

Rule XIX. — To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient position, 
draw a straight line A C B, fig. 64, and 
measure the distances between the points 
where it cuts the lines of action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force C is contrary to that of the other two 
forces, A and B. 

In symbols, let A, B, and C, be the forces; then, 




Fig. 64. 



A + B + C=0;AB:BC:CB::C:A:B. 
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Each of the three forces is equal and opposite to the resultant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two parallel components, acting in giyen lines in 
the same plane. 

EuLE XX. — To find the relative proportions of four paraflel 
forces which balance each other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines d 
action in any convenient position; and in 
fig. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cat 
the plane. Draw the six straight lines 
joining those four points by pairs. Then 
the force which acts through each point will 
be proportional to the area of the trian^^e 
Fig. 65. formed by the other three points. 

In fig. 65, the directions of the forces at 
A, B, and 0, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 
^ those at B and in the contrary direction. 

In symbols, 

A+B + C + D = 0; 

BOD:CDA:DAB:ABO 

Fig. 66*. :: A : B : : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

Rule XXI. — To find the resultant of any number of parallel 
forcea 

Case I. — ^When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the pandld 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV., Article 9, Rule III., 
(page 153); the line of action of the resultant will pass through 
that centre. 

Case II. — ^When the parallel forces act in two contrary direc- 
tiona Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two oontraiy 
directions respectively; if those two resultants are unequal, find 
the final resultant by Rule XVII. ; if they are equal, they form 
a couple, and have no single force as a resultant. 
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1. Tw§mmgmhtr and Prtygi— I gnif A frame oonsistB <d bars 
connected together at their ends hy joints which offer do sensible 
resistance to the tnming of one bar into a different angnlar 
position lelativelj to the next, the resistance to such tnniing 
being given by the fixing of tl^ fiirther ends of the bars alona 
The point in a given joint aboat which such taming would take 
place is called the centre of rtnelanee €fi the joint; the stiai^t 
line joining the centres of resistance at the ends of a bar is called 
the Kne o/renstanee of that bar. A bar is called a eind, or a tie, 
according as a throst or a pfoll is exerted along its line €i resist- 
ance. A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleUm diagram of a frame. 
When a joint is spoken of as a point, its centre of resistance is 
meant ; wh^i a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance; and if not actually so concentrated, the 
following rule is to be used : — 

KuLB L — Given, the actual load distributed over a frame, whether 
arising from external f<m;es or frx>m its own weight, and the distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part lY., find the resultant oi the load on each 
bar; tlien, by Bule XIX. of the preceding section (page 163), 
resolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take the resultants of those components for each joint separately; 
those resultants will form the equivalent load required. 

Bule IL — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the resultant of the whole load by the rules 
of the preceding section, and of Part lY. 

Case L — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load ; and the supporting force must be equal and opposite to that 
resultant. 

Case IL — ^When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
pointb If parallel, use Bule XIX. (page 163), or, if inclined, use 
Bule VII. (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 
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of the supports; the two supporting forces will be equal and 
opposite to those compoDents. 

Case III. — When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three supporting 
forces will be equal and opposite to those components. 

Remark. — In all the following rules, those components of a 
distributed load which, as found by Rule L, rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exdusm of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To distinguish struts from ties. In fig. 67, let A C 
and B C be the lines of resistance of two bars of a frame meeting 

at the joint C. Produce those lines 
beyond C, as shown by CD, C E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties; if between A C 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A 
and C B, as at 3, both bars are struts ; 
if between C A and B C produced, as at 4, A C is a strut and B C 
a tie. 

Remark as to stability and instability. — ^A tie is stable, even 
although one or both ends are moveabla A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their position& 





Fig. 68. Kg. 69. Fig. 70. 

Rule IV. — Given, in a triangular frame, loaded and supportea 
vertically, the skeleton diagram (fig. 68), to find the relative pro- 
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portions of the forces acting in the frame. Let A, B, C, be the 
three bars, 1, 2, 3, the three joints. Construct the diagram of 
forces, fig. 69, as follows : — From any point, O, draw 
O A, O B, O C, parallel to the lines of i-esistance 
A, B, C, respectively ; then across those three lines y^ 

draw the vertical line ABC. Then the required /^ 

proportions are as follows : — o^^^^^. 

^ ^"^^ Stn«»Along ^^ 

1:2 : 3 : A : B : C \ \ 

::CA:AB:BC:OA:OB:OC; \ 

and from these proportions, if any one of the six > 

forces is given, the other five may be found. p. ^^ 

From O, perpendicular to A B C, draw OH. 
This will represent the horizontaZ stress of the frame, which is the 
Same in each bar. To find this and the other forces by calculation 
from the load C A^ let a, 6, c, be the angles of slope of the three 
lines of resistance; then 

0H = ^i^- 

tan c =t= tan a 

A B = O H • (tan a =p tan 6); B C = O H • (tan 6 =±z tan c). 

The aiffn / "*" I ^ *® ^ ^^^ when the two ) opposite directions 
^^ \ — ] inclinations are in j the same direction. 

OA = OHseca;OB = OHsec6jOC = OHsecc. 

Rule Y. — Given, in a polygonal frame, loaded and supported 
vertically, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, i, 5, 
the joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
stmct the diagramfb of forces, fig. 71, as follows : — From any point, 
O, draw radiating lines, O A, O B, O C, <fec., parallel respectively to 
the lines of resistance A, B, C, &c., in fig. 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, &a, will represent 
the parts of the load which must rest on the several loaded joints 
in order that the frame may be balanced. For example, B C in fig. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet Also, the parts D E and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in ^g, 70, 
represent the supporting forces at those points respectively. The 
lengths of the radiating lines O A, <fec., represent the stresses along 
the lines of resistance to which they are respectively parallel 
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From O let fall on A D the perpendicular O H. This will 
represent the horizontal stress of the frame. 

Remarks. — By omitting from the skeleton diagram, fig. 70, ihe 
bar E, which connects the points of support, the frame becomes an 
open fromie, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders abutments necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexible. 

Rule VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ve^ 
tical line, A D, to represent the whole load, and divide it into 
parts, A £, £ C, &c., to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O £, O 0, &c., from O to the points of division of 
A D; these will be parallel to the lines of resistance whose 
inclinations are required. 

KuLE VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

Rule VIII. — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sfum of those tangents, if the lines of resistance slope contrary 
ways. 

Rule IX. — From the same data, to find the stress along a given 
bar; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Frames— method of Trlaaglec— When the external 
forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lines^ as in fig. 71^ gaps will be left in 
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Je. The lines necessary to fill np those gaps will indicate 
ces to be supplied by means of the resistance of braces, 
Qay be either struts or ties, connecting two or more joints 
r. 

resistance of a brace introduces a pair of equal and opposite 
icting along the line of resistance of the brace, upon the 
joints which it connects. 

ethcd of SeciioMs Applied f FnuMes.— When a vertically- 
3raced frame is 
igned that a 
I cross- section 
at any point 
>t more than 
Lnes of resist- 
he method of 
may be ap- 
follows:— The 
kud lower bars, 
3 5, &c,, and 

t, 4 6, &c., in Pig 72. 

may be called 
ingers, and the intermediate bars, 01, 12, 23, &c,, the 

B I. — Given the skeleton die^ram, and the load at each of 
its (1, 2, 3, ice,), to find the stress exerted along any one of 
ngers (as 3 5). Find the supporting forces by Rule II. of 
; Ai-ticle (page 165). Then conceive the frame divided into 
krts, by a section traveling the joint that is opposite 
nger under consideration (for example, the joint 4, opposite 
inger 3 5). Take the resultant moment relatively to the 
(see preceding section) of all the external forces which act 

of those parts. (That is to say, in the present example, 
le moment of the supporting force at the joint O, by 
ying it by its horizontal distance from 4; and from that 
t subtract the moments of the several parts of the load 

act at 1, 2, and 3.) From the joint (4) opposite the 
r in question, let fall a perpendicular (4 P) on iJie line of 
ice of the stringer (3 5) ; divide the resultant moment by 
gth of that perpendicular; the quotient will be the stress 
;he stringer in question. To find whether that stress is 
or tension, consider in which direction the resultant mo- 
ends to turn the part of the frame on which it acts about 
nt (4); the stress will be of the kind which resists that 
3y. (In the example the stress is thrust for the upper 
rs, tension for the lower.) 
B JT — ^To find the vertical component of the stress along & 
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stringer, maltiplj the whole stress by the difference of level of tlie 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical compoDent 
The stress of each stringer having been found, the next step is 
as follows : — 

Rule III. — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
requii*ed stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it4 ends, will give the whole stress along 
the brace. 

4. liMuied Ciiatas. — KuLE I. — Given the figure of a loaded chain, 
C B A D ; to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 

part of the chain. Draw 
y tangents, A P and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
^' a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and B. 

KuLE II. — Given, in a verticaHy-loAded chain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as follows : — Draw a vertical straight 
lino, C D, to represent the total load, and from its ends draw C 
and D 0, parallel to two tangents at the points of support of the 
oimin, and meeting in O ; .those lines will represent the tensions 
ou the chain at its point of support. 

Lot A, in fig. 73, be the lowest point of the chain. In fig. 74 
draw the horizonte^ line O A; this will represent the horizontal 
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Dnent of the tension of the chain at every point, and if O B be 
el to a tangent to the chain at any point B, A B, in fig. 74, 
epresent the portion of the load supported between A and B, 
) B the tension at B. 

LE III. — Given, in a vertically loaded chain, the load and its 
bution ; the points of suspension, C and C (fig. 
7hich points are supposed at the same level, 
;he horizontal tangent, H H', at the lowest 
of the chain ; to construct the figure in which 
hain will hang. By Rule XXI. of the pre- 
g section (page 164), find the resultant load, 
len by Rule XIX of the same section (page 
find the vertical components, P and F, of the 
supporting forces (equal and opposite to two 
iel components of B, through C and C). Then, 
the known distribution of the load, find 
►osition of a vertical line, A F, dividing the 
load, R = P + F, into two parts equal to the adjacent 
irting forces, P and F respectively; the point A, where 




Fig. 74. 




vertical line cuts the horizontal tangent H IT, will be the 
' point of the chain. Next, to find the horizontal tension; 




ive the chain divided into two parts by a vertical plane 
gh A F; take the resultant moment, relatively to that plane^ 
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of all the vertical forces which act on one of those parts: for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A; divide that moment by the greaM 
depression, F A; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension; tiie 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H^ + F^), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of eqtiMibmm 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. CImIn, with lioad Uniform over the Spaa. — ^The assumption 
that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The curve B A C is a common parabola, with its vertex at 
A Let D E = a; B D = y^; C E = ygi -^ I^ = «i; ^ E = 0^; 
so that ajj + a:2 = ®* 

Rule I. — Given, the elevations, y^, yg* ^^ *^® *w<> points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizontal distances, x^, x^, of the lowest point from the 
two points of support : also the focal distance, m, of the parabok 

^ = a. n/^i ; a,^ = a- , ^ ^\ -. 



a' 
m = 



r.» 



When the points of support are at the same level. 



a a^ 



i2 



Vi = yi\ x^ = x^= ^; m = 



16 y; 



In the latter case the height y^ = y^ is called the depression, 
BuLE II. — Given, the same data, to find the inclinations, i^ tj, 
of the chain at the points of suppoiiL 
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^ . ^ ?Ji ^ 2yL±l^(M. tan L = ^2 = ^^2±?Jm2 
when the points of support are at the same level, 
t/i = y^; te-^ h = tan ^2 = -^• 

Rule m. — Given, the same data, and the load, p, per unit ol 
length : required the horizontal tension, H, and the tensions, £^, E^ 
at the points of support. 

H = 2 p m = ^ 



2^1 + 2^2 + iVy^yj' 

When the points of support are at the same level, or that y^ = ^2* 
those equations become 

Rule IY. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = 9p and AC = «2' ^7 
the rules of page 79, Article 5, and add them together. 

Rule V. — Given, the same data, to find, approximately, the 
small elongation of the chain d (s^ + 8^ required to produce a given 
email depression, d y, of the lowest point A, and conversely. 

dy 3 \ari xj' 

When y^ = y^^ this equation becomes 

2 ds^ __ 16 y^ 
dy " 3a' 

These formulae serve to compute the depression which the middle 
point of a suspension bridge imdergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddle, on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the saddle will be sensibly 
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equal; and in order that those tensions may compose a vertical 
pressure on the pier^ their inclinations must be equal and opposite 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure on the pier is 

Y = 2 R sin t = 2 H tan t = 2 JO a?; 

that is, twice the weight of the portion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let t, i', be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and R, R', their tensions; then 

R = H sec t; R' = H sec i'; 
Y = R sin I + R' sin i' = H (tan i + tan H). 

6. The Cat«nanr is the curve in which an uniform chain hangs, 
when loaded with its own weight only, or with a load everywhere 
proportional to its own weight (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in ^g. 77, the catenary A B, and its directrix 
O X, and the weight of an unit of length of 
the chain; to find the horizontal tension. 
Multiply the parameter O A by the weight 
of an unit of leiigth of chain. 

Rule II. — To find the tension at any 

point, B, of the chain. Multiply the height 

of the ordinate X B from the directrix to 

■pig 77 the given point, by the weight of an unit of 

length of chain. 

7. A Catenarian Kib is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards- 
To represent it, conceive fig. 77 to be turned upside down. It i^ 
the form of equilibrium for an arched rib loaded in such a manned 
that the load on any arc, A B, is proportional to the a/rea, O A B ^^ 
of the spcmdril, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and th ^ 
weight of load corresponding to an unit of area of spandril; to fin^ 
the horizontal thrust. Midtiply the square of the parameter ^ 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Muli 
tiply together the parameter A, the ordinate X B, and the loa^ 
per unit of area. 

A Tranaformed Catenarian Rib is a curve SUch as a & in fig. 7^* 
(still supposed to be turned upside down)^ which curve is so rekte(^ 
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) common catenary, A B, that the ordinates drawn to it from 
irectrix, O X, of both curves, such as Oa and X6, bear every- 
) a constant proportion to the corresponding ordinates, such 
i and X B, of the common catenary; or, in symbols^ 

f/ Xb Oa a '^ ^ 

- = viS = rTT = - = constant 
y X B O A tn 

nsformed catenary is a form of equilibrium for an arched rib 
I in such a manner that the load on any arc, a 6, is propor- 
to the area of spandril, O a 6 X 

[jE III. — Given, in a transformed catenaiy, the least ordinate, 
= a; any other ordinate, XB = y; and the half-span, or 
ce between them, O X = a:; to find the parameter, O A = m, 
corresponding common catenaiy. Use the following formula ; 



m 



=«.hyp.iog.(f + y^yjr7). 



typerbolic logarithms, see page 38. For squares and square 

see page 11.) 

SE rV". — In a transformed catenarian rib under a given load 

dt of area of spandril, to find the horizontal thrust ; multiply 

uare of the parameter A O (found by Rule IIL) by the load 

dt of area of spandriL 

LiE V. — To find the thrust along the rib at any point, B; let 

jote the horizontal thrust; P, the vertical load corresponding 

5 area of spandril, O a 6 X; T, the required thrust; then 

/(H2 + P2). 

[«E VI. — To find the radius of curvature of a transformed 

try at its vertex or crown, a; divide the square of the para- 

, O A, by the least ordinate, Oa. 

e radius of curvature of a common catenary at its vertex, A, 

al to the parameter, O A.) 

Table fob Catenabian Ribs. 



I '0000 '0000 

I '0200 '2013 

I -0810 '4107 

1-1854 -6366 

1-3373 -8880 

1-5431 11752 

I -8 1 06 1*5094 

2-1509 1-9043 



mdy X y mdrj 

a dx m a adx 

1-6 2-5774 2-3755 

1*8 3*1074 2*9421 

2*o 3-7622 3-6269 

2-2 45679 4-4571 

2-4 55569 54662 

2*6 67690 66947 

2-8 82526 81918 

30 10-0676 100178 
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To interpolate the ordinate, y =±= v, corresponding to an inter- 
mediate half-span, a? zdb w, when ^ corresponds to - in the table; 
make 

yzizry/ u^ jl, _^1\ ^'^ ^ V ( 'Hl jl, ^\ 

a ■"a\"^2m2^24:mV — a d xKinT ^ it^)' 

This computation is to be performed by addition to the number 
next below in the table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Unifomiiy PrcMed Hoopik— The stress on a hoop is tendon if 
it is pressed from within; thrust if it is pressed from without K 
the pi*essure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

EuLE I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLB II. — ^To find the ratio of the greater and lesser axes of an 
equilibi-ated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressnre. 

Rule III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A HydroataUc Kib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 




any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvatui-e at each point, such as C, is inversely proportional 
to the depth of spandril, C Y. 
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total thrust at every point of a hydrostatic rib is uniform, 

?qual to the load on the half-rib A B. 

hat follows, the rib is supposed to spring vertically from its 

ints at B, B. 

B I. — Given, the half-span, F B = c, and the rise, F A = a, 

droetatic rib; to iind the proper depth of load at the crown, 

: hy cupproximcUely, 

Make 6 = c + xrr— ; then h = p 3, nearly. 

B II. — To find the area of spandril corresponding to the 

T 

1 thrust along the rib; call that area -, in which T repre- 

16 thrust, and to the load per unit of area of spandril; then 

B III. — To calculate the thrust; being also the load on 
f.rib. 



T = w(^~ + ahy 



B IV. — To find the i-adius of curvature at a point where 
>th of spandril, Y C = a;, is given ; divide the area found by 
J. by the depth of spandril; that is to say, let r be the 
of curvature at C; then 

gg-), 2ah 
^~" 2x 

radii of curvature at the crown. A, and springing, B, are as 

i: 

At A, ro = — 2-^— ; at B, r,= 2^;^-^^. 

ifficient number of radii having been computed, the figure of 
may be constructed to any required degree of approximation 
wing a series of short circular arcs. 

E V. — To draw, approximately, the figure of a hydrostatic 
;h three radii only. By Rule IV., find the radii of curva- 
•q, r^, at the crown and springing. From the crown, A, 
vertically A C = r^; and fi-om the springing, B, draw 
itally B D = rj. C and D will be the centres of curvature 
I crown and springing respectively. 

ut D, with the radius DE=FA — BD, describe a circular 
id about 0, with the radius C E == C F, describe another 
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circular arc; let E be the point of intersection of those arcs; this 
will be a third centre; and two more centres will be similarly 
situated to D and E with respect to the other half-rib. 

Then about C, with the radius C A, draw lihe 
circular arc A G till it cuts C E produced in G; 
about E, with the radius E G = F A, draw lihe 
circular arc G H till it cuts E D produced ia 
H; about D, with the radius D B, draw tk 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner. 

The curve thus drawn falls a little beyond 
the true hydrostatic rib at G, and a littJe 
within it at H. 

10. A Rib of any Figure, under a vertical had 
distributed in any manner^ being given, it is 
always possible to determine a system of hori- 
zontal pressures, which, being applied to that 
rib, will keep it in equilibrio. 

Rule I.— To find the total horizontal pres- 
sure against the rib below a given point. In fig. 80 let C be any 
point in the rib, and A its crown. 




Fig. 79. 
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Fig. 80. 



Fig. 81. 



In the diagram of forces, ^g, 81, draw o c parallel to a tangent 
to the lib at C. Draw the vertical line o 6 as a scale ofloadSf on 
which take oh = T to represent the vertical load supported on the 
arc A C. Through h draw the horizontal line h c, cutting o c in c; 
then o c = T will be the thrust along the rib at C, and A c = H, 
the horizontal component of that thrust, will be the total horizordd 
pressure which must be eocerted against C B, the part of th^ f^ 
below C. 

At the crown, A, the preceding Rule fails; and the following w 
to be used. 

Rule II. — To find the thrust at the. crown of the rib; multiply 
the radius of curvature at the crown by the vertical load per lifleal 
unit of span there. 
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KuLE ILL — To find tbe horizontal pressure required in a given 
ayer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below C. In 
he diagram of forces (fig. 81) draw o d parallel to a tangent to the 
ib at CK; on the vertical scale of loads take o A', vertical load 
n the arc AC; draw the horizontal line K d ciittiog o c in c . 
lien o </ = T' is the thrust along the rib at C; and K c •=. H', the 
orizontal component of that thrust, is the horizontal ])re8sure 
^hich must be exerted against the part of the rib below C. H being, 
3 before, the horizontal component of the thrust at C, the difierence 
t — H'^ will represent the hoiizontal pressure required to be 
xerted through the horizontal layer C E fc C. 

If H diminishes in going downwards, as in the example given, 
ressure from imthout is required through the layer. Through 
hose layers at which H increases in going downwards, either tension 
rom without, or pressure from within, is required to keep the rib 
tt equilibrio. 

KuLE IV. — To find the greatest horizontal thrust, and the 
'point of mpture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, such as 
• c, o&, &c., parallel to the rib at various points, as C, C, &c, and 
ind, as in Rules I. and III., the lengths of those lines so as to 
•epresent the thrust along the rib at the several points C, C, &c. 
The length of the horizontal line, o a, representing the thrust at 
he crown, is to be calculated as in Rule II. Through the points 
i, c, cf, &c., thus found, draw a curve. Find the point, d, in that 
!urve which is farthest from the scale of loads, o b ; then the 
lorizontal line dk =:'H.q will represent the maximum horizontal 
hrust 

Join o d, and find the point, D, in fig. 80, at which the rib is 
parallel to o d; this is the "point of rupture," or point at which 
;he horizontal thrust attains a maximum; and the "angle of 
■upture" is the inclination of the rib at that point, or .^^ do a, in 
5g. 81. 

The horizontal plane D F is the upper boundary of that pai-t of 
he spandril which exerts the maximum horizontal pressure Hq. 

Section III. — Stability of Masonby. 

1. F^rcMore of Eartli and Water af^inst Walla. — RuLE I. — The 
Centre of Pressure of a rectangular vertical plane pressed by a mass 

2 
f water or of earth is at ^ of the total depth down fix)m the upper 

o 

arfaoe of the water or earth. 

Rule II. — ^The Direction of the Pressure against a vertical plane 
I J for water or a bank of earth in horizontal layers, horizontal; 
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for a bank of earth in uniformly idoping layers^ it is senstblj 
parallel to the slope. 

KuLE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the half-sqtiare 
of the total depth by the heaviness of water {62'4c lbs. to the cubic 
foot). 

For the heaviness of earth, see page 152. 

The following is a taUe of natural slopes of earth; bnt the 
natural slope of earth in engineering works ought, as far as 
practicable, to be ascertained by observation on the spot : — 



EABTH. 



Angle 


Co-efflcient 


of 


of 


Beposa. 


Friction. 


Ip 


/ 


21° 


075 
038 


45' 


I GO 


>7° 


031 


U" 


025 


4S» 


III 


K 


070 


< 


10 


14° 


0*25 



Customary 
dealgoation of 
Natural Slope: 

1 -T-ftO 1. 



Dry sand, clay, and mixed ( from 

earth, ( to 

Damp clay, 

Wet Clay. j ^» 

Shingle and gravel, J ^?^ 

p-t j^s 



I "33 to I 
2*63*01 

I to I 
323 to I 

4to I 
09 to I 
1*43*0 1 

I toi 

4 to I 



The most frequent slopes of earthwork are those called U to 1, 
and 2 to 1, corresponding respectively to the co-efficients of friction 
0-67 and 0-5, and to the angles of repose 33^° and 26^\ nearly. 

Rule IV. — ^To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth hy the 
heaviness of the earth; then multiply the product by a ratio found 
as follows :-:- 

In ^g, 82, from one point, O, draw two straight lines, M X 

and O R, making with ^ each other 
the angle M O R = a>, the angle of 
repose, or natural slope of the earth. 
Al.out any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y R X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle M R O, so as to find 
the point R.) Then 

Case L — ^If the bank is in horizontal layers, the required ratio is 
O Y / 1 - sin € \ 
O X V" 1 + sin ^j' 
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Case XL — If the bank is in layers sloping at the natural slope, 
the required ratio is 

OR, , 

Case TIL — If the bank consists of layers sloping at any less 
angle; draw O Q P, making the angle M O P ~ the actual slope 
of the bank; from P draw P W [jerpendicular to O P; then Uie 
required ratio is 

OQ /_ cos ^ " J(co&^ i - co8«(r) 

O W V" ^ ' ' cos ^ + ^(cos2 ^ - cos2"^)' 

in which I = ^-:: M O P). 

2. I.mui on OnllmuT Wmmmdmtimmm.— S^S^^ 

First Class : rock, moderately hard ; strong as ) 

the strongest red brick, J ^ 

„ rock of the strength of good concrete, 3.0 

„. i-ock; very wift, 1*8 

Second Class : firm earth ; hard clay ; clean dry \ 

gravel; clean sharp sand, pre- >-from i to 1*5 
vented from spreadiug sideways, j 

Third Class: soft or loose earth; let be the angle of repose; 
then; 

Rule I. — To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 

/I — sin ^\2 
\1 + sin dj 

Rule II. — ^When the load produces an uniformly-vaiying 
pressure, to find how far the centre of pressure may safely deviate 
ironi the centre of figure of the base of the foundation ; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 
1 + sm"^ 

For a rock/oundcUian the value of this multiplier is 1. 
Rule IIL — In the case referred to in Rule II., to find the least 
weight of earth to be displaced by the foundation; multiply the 
total load by 

( 1 ~ sin (tY 
1 -♦- sin^ ^ 
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Rule IV. — In the case referred to in Rule I., and when llio 
load above ground alone is given ; to find the least weight of earth 
to be displaced bj the foundation ; let w be the heaviness of the 
earth, and w-^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids^ if any); then dmdd^ 
load above ground by 



(1 + sin ^\2 
1 — sin ^/ 



Rule V. — ^To find the depth of a foundation; divide the weight 
of earth to be displaced by iJie heaviness of that earth and the area 
of base. 

Least depth to escape injurious effects of frost = from 3 feet to 
6 feet according to climate. 

Table op Functions op Angles op Repose. 

<P 15° 2o° 25° 30° 35° 40° 45° 

1 + sin ^ ^ • ^ or 

J— -^T^ 1700 2145 2-464 3000 3690 4-599 5826 

1 — sin ^ 

Pj^-^T— 0588 0-466 0-406 0-333 0*271 0-2x7 0IJ2 

/I 4- sin (J\2 ^ , 

V I - sin (p j ^'^^ ^*^?^ ^'°?° 9*ooo 13-619 21-152 33"94 

(1 — sin ^\2 
1 + sin ( ?/ ^'346 0-224 o'l^S o*i" 0*073 0-047 00295 

1 4- siu2 <? , , , 

( 1 -sin <g )2 ^'^^^ ^'^3^ 2*535 5*000 7-310 11-076 1747 

(1 — sin <p^2 
1 ^"2^" °*5^^ 0-421 0-283 0-200 0-137 0-090 0057 

2 sin <P _^ rs rs^ 

r+Tm2l) °*^ °'5^^ ^'^^^ ^'^°^ °'^^3 0-910 0'943 

tan ^ 0-268 0-364 0-466 0-577 0-700 0839 ^*°°° 

cotan ^ 3*732 2*747 2-145 1*732 1-428 1-192 i*ooo 

3. itiiad on Piled FMindatioiis. — Ordinary working loads on the 
heads of piles : — On piles driven till they reach firm ground, 045 
ton on the square inch; on piles standing in soft ground, by fiiction, 
0*09 j ordinary values of greatest load which piles will bear without 
sinking further, from 0*9 to 1-35 tons on the square inch area of 
head 
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The folloTdng are rules applicable to pile-driving: — 

Let P be the greatest load which a pile is to bear withont sink- 
ing £sirther (in tons) ; 
W, the weight of the ram iised for driving it (in tons); 
h, the height from which the ram falls (in feet); 
ly the length of the pile (in feet); 
Xf the depth it is driven by the last blow (in fractions 

of a foot) ; 
S, its sectional area (in sqnare inches); 
E, its modulus of elasticity. 

(Approximate values of E in tons on the square inch— elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000; greenheart, 500 to 600.) 

KuLE VL — Given, all the above quantities except x; then 



P 4ES- 

^e pile must be driven until the additional depth gained by each 
Wow, of the energy W A, becomes not greater than Xy as given by 
^e above rule. 

HuLE YTL — Given, all the above quantities except W A, the 
energy required for the final blow; then 

P2; 

KuLE YIII. — Given, all the above quantities except P; then 
//4ESWA 4E2S2aA 2ESa; 

4. The itoad Sapp^rted %j a Screw Pile in practice ranges from 
^ times to 7 times the weight of the earth which lies directly above 
he screw-blade. 

o. SorizoBtai Bcsiaiaiice of Eaitit. — Let E, denote the resistance 
pposed by a stratum of earth to the pushing or dragging of a 
ectangular plane surface through it horizontally; w, the heaviness 
►f tbe earth; ^, its angle of repose; 6, the breadth of the surface; 
r, the depth to which its lower edge is buried; re', the depth to 
^hich its upper edge is buried; Xq, the depth of the resultant of 
;he resistance below the upper surface of the earth. 

KuLE IX. — To find the resistance; 



11 = 



cos2a) 2~ ] 



184 jfALANCE AND STABILITY OP STRUCTURES. 

Rule X. — To find the position of the resultant; 

^^ " 3 (ic2 - x'^y 

6. PrMioire of wf»d.— RuLE XI. — To estimate the greatest prob- 
able amount of the pressure of wind against a chimney or tower; 
if the edifice is square, take the area of its vertical cross-section; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot.) 

Rule XIL— To find the position of the resultant of that pressure; 
find the centre of magnitude of the vertical cross-section. (See page 
83.) If the edifice is pyi-amidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their sum; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

Rule XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diminishes 

7. stabiiitf of Abaimrnts (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

Rule XIV. — To find the greatest deviation of the centre of 
pressui*e from the centre of figure at any bed-joint, consistently 
with stability of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. AhutmeifUs and Piers of Arches, — Take as an axis the 
edge of the bed-joint in question from which the centre (rf pressure 
is to deviate farthest ; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint coiTesponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance fi-om that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Retaining Walls. — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0*3 to 0*375 of the whole thickness of the wail at the given 
bed-joint. 

Rule XV. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
pressure at the edge to which the centre of pressure is nearest; in 
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se I. of Rule I. divide twice tlie load by the area of the bed ; ia 
36 II. multiply the bi*eadth of the bed by once^nd-ci-kalf the 
tauce of the centre of pressure from the nearest edge of the bed, 
1 with the product as a divisor, divide the load; the quotient 
1 be the required intensity. 

Che intensity of pressure thus found ought not to exceed on^ 
hth of the jiressure which crushes the material of the building. 
K.C7LB XVI. — To calculate the moment of stabUity of an abutuierU 
n given bed-joint; multiply the weight of the mass of material 
>ve the bed-joint by the horizontal distance of a vertical line, 
ougli the centi*e of gravity of that mass, from the limiting 
dtion of the centre of pressure of the bed-joint. 
Rule XVII. — To find the proper thickness for an abutment 
Ih a rectangular horizontal base from the following data : — 

H, the horizontal component, and V, the vertical component^ of 

the thrust to be resisted ; 
a^i the veiiiical height of the line of action of that thrust above 

the backward edge of the base of the abutment 
6, the breadth of the abutment; 
hy its height; 

to, the heaviness of its material ; 
n, the proportion which its bulk bears to that of the circum- 

sciibed rectangle; so that if t be its thickness at the base, 

n ta 6 A ^ is its weight; 
q, the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Rule XIV.) 
r^ the ratio which the horizontal deviation of the centre of 

gravity of the abutment fi*om the centre of figure of its base 

is to bear to the thickness at the base; 

n {q =±z r) whb ' 2n {q z±= r)whb ' 

ig q 4 r if g and r represent deviations in contrary directions, 
^ — r if they represent deviations in the same dii*ection; then 
required thickness is 

t= 7(A + B«)-B. 

bbe thrust to be resisted is wholly horizontal, t = J A simply. 
El vertical solid rectangular abutment n = 1 and r = 0. 
iuLE XVIII. — To find the direction of the resultant pressure 
,ny bed-joint ; let W = nwhht i-epvesent the weight of material 

XT 

ihe abutment above that joint; then = ^ is the tangent of 

angle made by that resultant with the vertical In order that 
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the abutment may possess atahility of friction (that is, be safe 
against giving way by the sliding of one course of masonry upon 
another), the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint than 
the angle of repose of fresh masonry; that is, from about 26° to 36°. 
Should horizontal bed-joints prove too oblique to the pressure, 
sloping bed-joints may be substituted for them. 

Remark. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base ; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Rule XVIII. is to be applied. 

Rule XIX. — To find the proper thickness for a vertical rect- 
angvla/r retaining waU^ of a height equal to that of the bank which 
presses it. 

In each case let tc/ be the heaviness of the earthy ^ its angle of 

p' 
repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule lY. 
of this section. Also, let h be the height of the wall, w, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness t. 

Case I. — Bank in horizontal layers; — = -z ; — : 

•^ ^ p 1 4- sin ^' 

h "" ^^ \6 q wpj' 
Lety = |;then| = |->y/(^). 
{For a reservotr-uxdl, make u/ = 624 lbs. per cubic foot; and 



P J 
Case II. — Bank in layers of indefinite extent, at the natural 

P;£ = l. 
P 

_, , w' cos2 (p (<7 + 4) to cos ^ sin . ., 

Make — ^ = a; ^^ = h; then 

qw 4: q to 



slope ^; '^ = 1, 



^ = W'a + 62«5. 



h 

Case III. — Bank in layers of indefinite extent, sloping at any 
angle ^ less than ^. Find ^ by Rule IV. Then make 
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V) 



' ^ • cos2 ^ = a; -, (g+ i]- cos ^ sin ^ = 5; and 

p ' A q wV ^; p 

= J a + b^ - h. 



Q qw 

t 



Case IV. — Surcharged ITa^^.— Bank rises from wall at natural 
slope up to height c above top of wall, or c + A above base; and at 
that height has a horizontal upper surface. Let the thickness, calcu- 
lated as in "Case L, be ^; the thickness, calculated as in Case II., 
£ ; and the required thickness, f. Then 

_ ht ^ 2ct' 
A 4- 2c • 

The strength of a retaining wall at its base should be tested by 
Rule XV. of this section, and the atahUity of friction by Rule 
XVIII. ; and if the latter is found to be insufficient with horizontal 
beds, the*beds may be sloped back ; and then the back of the wall 
should be formed into steps, with the rise perpendicular to the 
beds. 

Rule XX. — Having designed a vertical rectangular retaining 
wall, to modify its figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
so long as the centre of gravity of the part taken away does not 
fall behind a vei-tical line through the limiting position of the 
centre of pressure of the base. When the face has a straight or 
curved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

Rule XXI. — For retaining walls of uniform thickness which 
lean or overhang backwai*ds, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upiight wall is 
to bear to the thickness ; then put q + r instead of q in the deno- 
minators of the expressions in Rule XIX., and they will become 
applicable, without material error, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 

/ /ht^ + c T2\ 
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8. Htone and Brick Arckes. — EuY^E XXIIL— To find the leost 
proper tliickness for tJie arch^Hng of a projwsod arch ; find the longest 
radius of curvature of the arch ; then take a mean proportional 
between (that is, the square root of the product of) that radius and 
a constant whose values are as follows : — 

Foot 

For an arch above ground, standing solitary between 
its abutments, o*i2 

For an arch forming one of a series of arches, with 
piera between them, 0*17 

For an underground archway in hard material (such 
as i*ock or conglomerate), 0*12 

For an underground archway in gravel or firai 
earth, 0*27 

For an underground archway in wet clay or quick- 
sand, 0*48 

EuLE XXIII A. — To find the level up to which the hacking of 
the arch should be built before the centre is struck ; take a mean 
proportional between the radius of curvature of the irUradoa (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vei-tically down- 
wards from the crown of the outer surface of the arch -ring. 

Rule XXIV. — For a roiigh approxirtiation to tlie hortzorUal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

Bulk XXV. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rih coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed ai*ch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout 

Case II. — If the supposed rib requires horizontal pressure from 
without up to a certain point of rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual ai*ch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 
follows ; — 
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Fig. 83. 



In fig. 83 let B C A represent one-half of a symmetrical arch; 
K L D E, an abutment, and C, the joirU of rupture, drawn perpendi- 
cular to tlie assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vei*tical 
joint. 

Find the centre of gravity of the 
load between the joint of rupture, 
C, and the ci-own, A; and draw 
through that centre of gravity a 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of mptnre, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a jmir of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fall within the 
middle third of the arch-ring, its thickness must be increased. 

EuLE XX VL — To adapt Transformed Catenarian curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the intrados (or inner profile) of the arch, 
and the extrados (or outer profile) of the arch with its solid back- 
ing, take two tiansfoimed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
tiie horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To fiud ap- 
proximately the horizontal tlirust; multiply the squai*e of the 
parameter by the mean load per square foot area of spandril (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth fi*om the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the dejith of the keystone. 

Rule XXVII. — To adapt the figure of the hydrostatic rib to an 
arch of masonry. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydi-ostatic rib, and 
make the arch -stones of an uniform thickness, determined from the 
radius of curvature at the crown by Rule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Rule XXVIII. —To find the resultant horizontal thrust against 
a pier that stands between two equal arches, when one is loaded 
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with a travelling load in addition to its own weight, and the other 
with its own weight only; multiplj the travelling load per unit of 
span by the radius of curvature of the centre Kne of the arch-ring 
at its crown. 

Rule XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the centre (or temporary 
fi-aming) which supports an arch in progress of construction. 

Case I. Circidar Arch. — In fig. 84 let O A be the radius of 
the intrados, and A B a circular quadrant of which the inti*ados 
forms the whole or pai-t. Conceive that the half of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of the 
load on the part C D of the centre. 

From C draw C E 11 A O; bisect C E in F, from which draw 

F H II O B; di-aw D G || A O; 
then will D Gr represent the normal 
pressure on each lineal foot of the 
outer surface of the centre at the 
point D; and the shaded area, 
C D G F, will represent the verti- 
p. g - cal component of the load on the 

'^' * centre between C and D, both in 

amount and in distribution. 

The point H is that below which the arch-stones cease to press 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is represented by ^g, 85. Bisect 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; L will be a 
point below which the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; di-aw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on 
the centre between A and D. 

Case II. Non-circular Arch. — Find the two points at which the 
intrados is inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intrados, and 
proceed as in Case L 
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PAET VI. 

TABLES AND RULES RELATING TO THE STRENGTH 
OF MATERIALS. 

Section I. — Tables. 

Table I a. — Tenacity op Wrought Iron and Steel. 

n«B«^T^«nTi of M-fi»i^oi Tenacity in lbs. per Square Inch. Ultimate 

Description of Material. LengSiwise. Crosawiae. Extension. 

Malleable Iron. 

^S:^Z..T:^:} "4,000 Mo. 

Wire — average, 86,000 T. 

Wire — weak, 71,000 Mo. 

Yorkshire (Lowmoor),... 64,200 F. 52,490 F. 

„ from 66,390) ^ fo'20 

to 60,075 J • ( 0-26 
Yorkshire (Lowmoor) ] 

and Staffordshire > 59,740 F. 0*2 to 0*25 

rivetiron, j 

Charcoal bar, 63,620 F. 0-3 

Staffordshire bar,... from 62,231) -j^ / *302 

to 56,715/ t-i86 

Yorkshire bridge iron,... 49,930 F. 43,940 F. '04; '029 

Staffordshirebridge iron, 47,600 F. 44,385 '04; -036 

Lanarkshire bar, . . . from 6 4,795) -^^ f*i58 

to 51,327 J * 1 -238 

Lancashire Imr, from 6o,iio)-j^ ('169 

^ . to 53,775/ ' V216 

Swedish bar, from 48,933 ) -pr / '264 

to 41,251/ (•278 

Russian bar, from 59,096) -^ / *i53 

to 49,564/ ' t'lSS 

^TSfgB.'!!!..'^"} 55,878 K .66 

Hammered scrap, 53,420 N. '248 



Angle-iron' from ) from 61,260) ^ 
variousdistricts, J to 50,056 J 
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Table — continued. 



Description of Material 

Straps from vaii- ) from 
ous districts, ... ) to 
Bessemer's iron, cast ) 

ingot...... f 

Bessenier*s iron, ham- ) 

mered or rolled, .... J 

Bessemer's iron, boiler ) 

plat«, ) 

Yorkshire plates, . . . from 
to 
Staffordshire plates, from 
to 
Staffordshire plates, ) 
best-best, charcoal, J 
Staffordshire ) from 
plates, best-best, J to 
Staffordshire plates, best, 
Staffordshire plates, ) 

common, j 

Lancashire plates, 

Lanarkshire plates, from 

to 

Durham plat^, 



Tenacity in 
Lengthwli 

55,937 t 
41,386/ 

41,242 
72,643 



lbs. per Square Inch, 
se. CroBSwifia. 






68,319 w. 

58,487 ) 
52,000 f 



56,996 ) 
46,404 J 

45,010 

59,820 

49,945 
61,280 

50,820 
48,865 
53,849 I 
43,433 j 
51,245 



F. 54,820 
F. 46,470 
F. 53,820 

F. 52,825 
F. 45,015 



Ultimate 
Extension. 

•108 

•048 



-M- 55,033 I K 
^' 46,221 / ^• 

XT 51,251 \ 
^•44,764/ 

F. 41,420 F. 



K 



F. 
F. 
F. 

F. 

F. 



-vr 48,848 ) -^ 

' 39,544 J ' 
N. 46,712 



•109; -059 
•170; -113 
•04; -034 
•13; -059 
•05; -045 

•05; -038 
•067; '04 
•077; '045 

•05; -043 
•043; -028 

r -033; -014 

I -093; -046 

•089; '064 



Effects of Reheating and Rolling. 

Puddled bar, 43,904 

The same iron five ] 
times piled, reheated > 61,824 

and rolled, ) 

The same iion eleven \ 
times piled, reheated \ 43,904 
and rolled, ) 



0. 



Strength of Large Forgings, 

Bars cut out of j^ from 47,582 ) ^ 44.578 
to 43,759 f • 36,824 



large forgings, f 
Bai-s cut out of large ) g^^ 
forgings, / ^•^' 



M. 



•231; -168 
•205; 064 
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Table — continued. 

«> _j xj • «■> ^ _i « Tenacity in lb& per Square Inch. 

Description of MateriaL Lengthwise. OrosawiBe. 

Steel and Steely Iron. 

Caststeelbars,rol- ) from 132,909 ) ^^ 

led and forged, ) to 92,015/ 

Cast steel bars, rolled 1 , «q ^^q t> 

and forged, J ^' 

Blistered steel bars, I jq. 208 N 

rolledand forged..., J ^' ^ 

Shear steel bars, rolled I ,,© 50 jj 

and forged, j '^ 

Bessemer*s steel bars, I g -^ 

rolled and forged,... J 

Bessemer's steel bars, ) ^^02 a. W 

cast ingots^ j ^' ^ 

Bessemer's steel bars, ) 1^2012 W 

hammered or rolled, j ^ *^ 

Spring 8teelbar8,]bani- I j^ 

mered or rolled,.... J ' '*^ ^ 

^ZS'^n"'!^.} 90,647 K 

""Cf =...:!'!!!'} 93,000 F. 

^tewfor^ "" } ^9'7*'^ ^- 

Puddled steel ) n *. , o ^ 

bars,roUedandV^~f» ^''*°H N. 

fois^d, j *« ^*'?^^J 

Puddled steel bars, ) -p 

rolled and forged,... j ^ ' 

Puddled steel bars, ) «>! >t«-^ m 

rolledandforged,... / ^^'752 i^i. 

Mushet's gun-metal, 103, 400 F. 

Cast steel plates,.... from 96,289) -»^ 97>3o8 I ^ 

to 75,594/ '•^'69,082/ ^^• 

Cast steel plates,... hard, 102,900 ) -p 
soft, 85,400 J 

Hj>mog«i,«.u! m.Wl ^f -jjss^f ' 

plates, second quahty, j * f* J soiu j 

Puddled steel ) from 102,593 ) >g. 85,365 ) ^ 

plates, / to 71,532/ ''^•67,686/ ■'''' 

Puddled steel plates, .... 93,600 F. 

o 



tntimate 
Extension. 



•052 
•153 



•097 
•135 
•055 



•180 
•137 

•119 

•191 
•091 



0*034 

f -057; -096 
) -198; -196 
(-031 
I 031 

j -086; -144 

I -059; -032 

f -028; -0x3 
) -082; -057 
0125 
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Table — ( 

n«««-i»*,'«« «# •M--#««i-i Tenacity in Iba per Square Inch. Ultimate 

Description of MateriaL Lengthwiae. Crosswise. Extensioa 

Coleford Gun-metal. 

Weakest, 108,970^1 '190 

Strongest, 160,540 > F. '030 

Mean of ten sorts, i37>340 j *o7 2 

In the preceding table the following abbreviations are used for 
the names of authorities : — 

C, Clay; F., Fairbairn; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier »k Sons; R., Rennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus -082; '057), the tii-st denotes 
the ultimate extension lengthwise, and the second crosswise. 



Table Ib. — Resilience of Iron and Steel. 

TTltSiruitA "WnrVinff ModulUS ModoInS 

Metal under Tension. T««^ft? owTSS of of 

Tenacity. Tenacity. Elasticity. Resilienca 

Cast iron — Weak, 13,400 4,467 14,000,000 1*425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4*o8 

Bar iron — Good average, .. 60,000 20,000 29,000000 13*79 

Plate iron — Good average, 50,000 16,667 24,000,000? 11*57? 

Iron wire — Gt)od average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000000 3103 

„ Hard, 132,000 44,000 42,000,000 46'io 

In the above Table of Resilience the working tenacity is for a 
"dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

* The experiments whose extreme results are marked N. were condncted 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Traruae- 
tions of the. Institution of En^gimera in Scotland, 1858-59; also Kirkaldy On 
the Strength of Iron and Steel. 
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Table op the Resistance of Materials to Stretching and 
Tearing bt a Direct Pull, in pounds a/vairdupois per square 
inclu 

Tenadty Modulus of 

Materials or Resistanci to orRS^S^to 

Tearing. Stretching. 

Stones, Natural and Artificial: 

Knt, } *8° ^ 300 

Glass, 9)400 8,000,000 

Slate / 9'^°^ 13,000,000 

' (to 12,800 to 16,000,000 

Mortar, ordinary, 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gun Metal (Copper 8, ) ^ 

Tin i), ......! !| 36,000 9,900,000 

Copper, cast, 19,000 

„ slieet, 30,000 

„ bolts, 36,000 

„ wii*e, 60,000 17,000,000 

- . . Tx- f 13,400 14,000,000 

Iron, cast, various qualities, < . «):Z^^ 4-^ «r^^^%>^^ 

^ ' T- ' (to 29,000 to 22,900,000 

„ average, 16,500 17,000,000 

Iron, wrouglit, plates, 51 ,000 

„ joints, double rivetted, 35,7oo 

„ „ single rivetted, 28,600 

„ bai-s and bolts, | ^ Jj°°^ | 29,000,000 

„ hoop, best-best, 64,000 

f ^0.000 ) 

^ wu'e, < . ' ' > 25,300,000 

^ ' (to 100,000 J ^^ ' 

„ wire-ropes, 90,000 15,000,000 

Lead, sheet, 3,300 720,000 

Steel bars I loo,ooo 29,000,000 

Oteeioars, | to 130,000 to 42,000,000 

Steel plates, average, 80,000 

Tin, cast, 4i6oo 

Zinc^ 7,000 to 8,000 
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Matebials. 



Tenacity, Elasticity, 

orR^stanceto or Resistant to 

Teanng. Stretching. 



to 



Timber Ain> other Organic Fibre: 

Acacia, false. See " Locust." 

Ash {Fraadnvs excdsior), 1 7,000 

Bamboo {Bwmbuaa arwndinacea)y 6,300 

Beech {Fagus sylvatica), 1 1,500 

Birch {Betvla alba), 15,000 

Box {Buocus sempervirens), 20,000 

Cedarof Lebanon(C6c^rz««Zi&ani), 1 1,400 

Chestnut {Caaavm Vesca), { ^ { J°°° } 

"^sn. {UhnvA campesl/i^y <. 

Fir : Red Pine {Pinus sylvestris), \ ^\ ^'^^^ ±q 

„ Spruce {Abies excdsa), ^^^^^^ |^ 

„ Larch {Larix Ewop<Ea\ {toio'ooo 

T[a.wiAioiTi{CratcegvsOQC7/aca'rUJia), 10,500 

Hazel (fjorylus Avdlana), 1 8,000 

Hempen Cables, 5,6oo 

Holly (Bex A quifolivm), 1 6,000 

Hornbeam (Carpiniia Betvlus),, . . 20,000 

Laburnum {Cytisus Laburnum), 10,500 

Lancewood (GtiaUeria virgata), 23,400 

Lignum- Yitse (fiuaiacfwrn offici- ) j> 

woZe), J ' 

Locust {Rdbinia Fseudo-Aca^da), i6,qoo 

MsihogsiJij (Stoietenia Mahagoni), < . 21 800 I 

Maple {Acer camfipestris), 10,600 

Oak, European {Quercus sessili- ( 10,000 

JlorasoLdQvercys peduTictdata), ( to 19,800 
„ American Red (Qvereus ) 

'rvhra), } "'*5o 

Saul {Shorea robicsta), 10,000 

SjCBm.OTe{AcerF8etuio-Flatami8')y 13,000 

Teak, Indian (Tectona gramdvl), 15,000 

„ African, (?) 21,000 

Whalebone, 7,7oo 

Yew {Taocua baccata), 8^000 



1,600,000 

1,350,000 
1,645,000 

486,000 
1,140,000 

700,000 
1,340,000 
1,460,000 
1,900,000 
1,400,000 
1,800,000 

900,000 
1,360,000 



to 



1^255,000 

1,200,000 
1,750,000 

2,150,000 

2,420,000 
1,040,000 
2,400,000 
2,300,000 
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II 

Table op the Kesistance op Materials to Shearing Ajn> 
Distortion, in pounds amwtdwpois per squa/re inch, 

BesistaDoe Elasticity, 

Materials. to^ ^^ Resistance to 

Metals: Shcanng. Distortion. 

Brass, wire-drawn, 5>33o>ooo 

Copper, 6,200,000 

Iron, cast, 27,700 2,850,000 

1 X - f 8,500,000 

„ ^ught, 50,000 1 ^^j^'J^^^^^ 

Timber : , , 

Fir: Red Pine, 5ooto 800 \. ^^'°°° 

' ^ (to 116,000 

„ Spruce, 600 

„ Larch, 970 to 1,700 

Oak, 2,300 82,000 

4.8h and Elm, 1,400 76>ooo 



III. 

Table op the Resistance op Materials to Crushing by a 

Direct Thrust^ inpotmda a/oovrdtipois per sgucvre incHu 

Resistance 
Matebiau. to 

Crushing. 

Stones, Natural and Artificial: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire,...., i»7oo 

Chalk, 330 

Granite, 5j5oo to 11,000 

Limestone, marble, 5)5oo 

„ granular, 4,000 to 4,500 

Sandstone, strong, 5,500 

„ ordinary, 3,300 to 4,400 

„ weak, 2,200 

Bubble masonry, about four-tenths of cut stone. 

Metals: 

Brass, cast, 10,300 

Iron, cast, various qualities, 82,000 to 145,000 

„ „ average, 112,000 

„ wrought^ about 36,000 to 40,000 
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nesistanoa 

Materials. to 

Cnuhing. 

Timber,* Diy, crushed along the grain: 

Ash, 9,000 

Beech,.. 9>36o 

Birch, , 6,400 

Blue-Gum {Eucalyptus GlohvJus)^ 8,800 

Box, 10,300 

Bullet-tree {A diras Sideroxyhn), 1 4,000 

Oabacalli, 9>9oc> 

Cedar of Lebanon, 5,86o 

Ebony, West Indian (Brya Ehembs), 19, 000 

Elm, 10,300 

Fir: Bed Pine, 5,375 to 6,200 

„ AinericanYellowPine(Pi7it«varMi5i^w), 5,400 

„ Larch, \ 5,570 

Hornbeam, 7,3oo 

Lignum- Yitse, 9,900 

Mahogany, 8,200 

Mora {Mora excdaa), 9,900 

Oak, British, 10,000 

„ Dantzic, 7,7oo 

„ American Bed, 6,000 

Teak, Indian, 12,000 

Water-Gum (Tristania neri/olia), i i^ooo 



IV. 

Table of the Resistance op Materials to Breaking Across, 
inpouauls avoirdupois per square itich. 

Sesistance to Breaking^ 
Mat 



Hodnlus of Baptnre.t 

Stones: 

Sandstone, 1,100 to 2,360 

Slate, 5,cx>o 

* The rensiances stated are for drp timber. Green timber is much weaker, having 
sometimes only half the strenjjrth of drj timber against crushing. 

f The modmos of rupture is eighteen times the load which is reanired to break a bar 
Of one inch square, supported at two points one foot apart, and loaded in the middla 
between the points of support 
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Resistance to Breaking, 
Matbbiatjb. or 

Modalos of Rapture. 

Metals: 

Iron, cast, open-work beams, average, 17 ,000 

„ „ solid rectangular bars, var. qualities, 33,000 to 43,500 

w » w i> average, 40,000 

„ wrought, plate becuns, 42,000 

Timber: 

Ash, ...12,000 to 14,000 

Beech, 9,000 to 12,000 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

Cabacalli, 15,000 to 16,000 

Cedar of Lebanon, 7,400 

Chestnut, 10,660 

Cowrie {DamnuMra aitstralis), 11,000 

Ebony, West Indian, 27,000 

Elm, 6,000 to 9,700 

Fir: Bed Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ liirch, 5,000 to 10,000 

Greenheart {Nectamdra Rodum)^ 16,500 to 27,500 

Lancewood, i7»35o 

Lignum- VitsB, 12,000 

Locust, 11,200 

Mahogany, Honduras, 11,500 

„ Spanish, 7,600 

Mora, 22,000 

Oak, British and Kussian, 10,000 to 13,600 

,, Dantzic, 8,700 

„ American Bed, 10,600 

Pooa, 13,300 

Saul, 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,000 

„ African, 14,9^0 

Tonka {Dipteryx odorata)y 22,000 

Water-Gum, 17,460 

Willow {ScUiXf various species), 6,600 
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V. — Supplementary Tables for Wrought Iron and Steel. 
Mean results of experiments by W. H. Barlow, Esq., F.RS. : — 



Tenacity. 
Lb& on the 
Square Inch. 

Puddled steel, specimen I.,... 95*233 
„ specimen II.,... 116,336 

cast in ingots, j " ^"^ 

Puddled steel, specimen III., — 

„ specimen IV., — 

„ specimen Y.,.. — 

Homogeneous metal, 100,994 

Steely iron, 69,456 



Proof Strenffthf 
Transyersely 

Loaded. 
Lbs. on the 
Square Inch. 



60,000 

63,750 
52,500 

57,500 
52,500 



Modulus of 
Elasticity 

under Trans- 
verse Load. 
Lb& on the 

Square Inch. 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 
23,833,600 
22,846,400 



Weight of a cubic foot of puddled steel, 485'5 lbs. ; of steely 
iron, 483-6 lbs. (See the Engineer of 3d January, 1862.) 

Strength of €old-rolled Iron. — ^The following resiilts were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 



Tenacity. intimate 

Lhs. per Square Inch. Extension. 

Black bar, 58,627 '200 

Same bar iron, turned, . . 60,7 47 -220 

Same bar iron, cold-rolled, 88,229 '079 

Cold-rolled plate, 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modulus o( 
Lbs. on the Lbs. on the Elasticity.— Lb& on 

Square Inch. Square Inch. the Square Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34, 100 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed "limit of elasticity" gives the tension up to 
which the elongation was sensibly proportional to the load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of which they are the means. 
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VI. — SUPPLEMENTABY TaBLE FOB CaST IrON. 



SliidB of InnL 



Jfrom 
(to 
jfrom 
|to 
jfrom 
jto 
Jfrom 
jto 
jfrom 
]to 
jfrom 
jto 

No. 4, Smelted by coke| 
without Bulpliur,,***.,*»f 

Toughened cast iron, <. 

No, 8. Hot blast after fi.ret" 
meltings *«...«,.«,.*«., 

No. 3. Hot blast after^ 
twelfth meltingj »,,,. 

No. 3. Hot blast after 
eighteenth melting'^ 

MalJoable cast iron, 



No. 1, Cold blast, „ 
No. 1. Hot blast, .. 
No. 2. Cold blast,., 
No- 2. Hot blast, *. 
No. 3. Cold blast,,. 
No. 3. Hot blast, ., 



Tuudtj. 



12,694 
17,466 
I3t434 
16,125 
13^348 
18,85s 

17,807 
14,200 
15,508 
15,273 
23,468 



23,461 
25t764 



4S,ooo? 



Eefllstanofl 
to Direct 



56,455 
80,561 

72,193 

88,741 

68,532 

102,408 

S2»734 

102,030 

76,900 

115,400 

101,831 

104,881 



129,876 

119457 

98,560 

163,744 
197,120 



Roptnro 
of SQUIftl 

Ban. 



ModtiloB 

ot 
Eloflddty. 



36,693 

39J7I 
29,889 
3553^6 

33.453 
39,609 
28,917 

3S,394 
3S.8SI 
47,061 
35^640 
43.497 

41,715 



39,690 
56,060 
25,350 



14^000,000 
1 5,380,000 
11,539,000 
15,510,000 
12,586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
23,733iOOO 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the sa/me specimen of iron, 
each number being an extreme result for the kind c^ iron specified 
in the first column. 



VII. — Resistance op Timber to Twisting. 

Modulus of Bnptore Modulus of Trans- 

by Wrenohing. verse Elasticity. 

Lbs. on the Square Lbs. on the Square 

Inch. Inch. 

Red Pine of Prussia, 1^54© 1 1 6,300 

„ of Norway, 950 61,800 

Elm, .* 1,390 76,000 

Oak (of Normandy), 3>35o 82,400 

Ash, 1,460 76,000 
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VIII. 



Supplementary Table op Properties op Timber grown in Ceylon; 

SELECTED AND COMPUTED PROM A TaBLE OP THE PROPERTIES OF 

ninety-six kinds of Timber by Moduar Adrian Mendis. 

Modulus of Modulus of w-j^i^tof- 
TiMBEK. Elasticity in Rupture in CubVc Foot 

Iba. on the lbs. on the . .. 
Square Inch. Square Inch. 

Alxidel {Artocarpus pvheseens),,,. I, S ^0,000 12,800 51 

Burute {CJdoroxylon Surietenia), 2,700,000 18,800 55 

CRha. MUile {Viiex aUtssima'i),,.. 2yOoOyOOO 13,900 56 
Oaluvere. See " Ebony." 

Cos {Artocarpus integrifoUa\ 1,810,000 it,ooo 43 

^ZZ)!!^!!!!:Z}^!^Z} ^'360.000 13,000 71 

%^"-^t~^.^.^"^.} ''53°.«°« ^3.300 57 

Hal Milile (Berrya Ammanilla), 970,000 15,200 48 
Irouwood. See " Naw." 
Jack. See " Cos." 

Mee (Bassia longifolia), 1,880,000 13,000 61 

Mee&n Millie {Viiex cUtissima),,.. 2y040,ooo 14,200 56 

Naw {MesiM NagaJia), 2,580,000 17,900 72 

Palmira. See " Tal." 

Veloo (^Mirau8(^8 heocavdra), 2,430,000 13,900 68 

Satinwood. See " Burute." 

Sooriya (7%e»/?c«a;?opttZea),..^... 2,610,000 12,700 42 

Tal (Bora^ssiisjlahekiformis), 2,810,000 14,700 65 

Teak {Tectona grandis), 2,800,000 1 4,600 55 

Additional Data prom the Experiments op Captain Fowkb, 
RR, Captain Mayne, R.E., and Moduar Mendis. 
Teak from Johore (Malay Peninsula), 1 9, 400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

lron-ha,rk (ElbccUyptiLS — ?)from ) ^ ^ 

Au8tmlia,.....„ } 964,000 24,400 64 

Iron-baik, rough-leaved 1,157,000 22,500 64 

Jarrah, or "Australian Mahog- ) ^^ o 

any'' i^^alyptus-n ..} '''57.000 20,238 59 

Strinsr-bark {Eucal.,ptus gi- 1 ^^ 5 

^awfea) trom Australia, J " ^' "^^ * 
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IX. — Supplementary Table for Stone, Lime, and Cement. 

Crashing Stress in lbs. 
on the Square Inch. 

Grauwacke from Penmaenmaur, 16,893 

Basalt, Whinstone,.. i1j97o 

Granite (Mount Sorrel), 12,861 

„ (Argyllshire),..... 10,917 

Syenite (Mount Sorrel), 11,820 

Sandstone (Strong Yorkshire, mean of 9 experi- 
ments), 9>B24 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (sti-ong), 8,528 

„ magnesian (strong), 7)098 

„ » (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbairn*s experimeuts further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six-neverUfis of the resistance to crushing in a direction })erpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crushes them, in a proportion which 
ranges from a fraction little less than unity in the harder stones, 
down to about one-lialfm the softest. 

A Year and a Half after Mixture. ^'^^Jlq^^ilTcS'- 
Mortar of Lime and River-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, 800 

Hydraulic Mortar, of lime and pounded tiles,... 680 

„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common moi*tar, i-8th. 

For hydraulic mortar, i-4th. 

Six Months after Mixture. Lhs on 

the 

Adhesion of con)mon mortar to compact hme- Sq in. 

stone, 15 

Adhesion of common mortar to brick, 33 
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One Year after Mixture. JZlSSJ^ch. 

Good hydraulic lime, 170 

Ordinary hydraulic lime, < J^^ ^^^ 

Rich lime, 40 

Good hydraulic mortar, 140 

Ordinary hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 



X — Miscjellaneous Supplementary Table. 



Material 



DimensioiiB. 



Tearing 
Load, 



Length of 

lib. weight, 

in feet 



Tenacity in 
feet of the 
Material 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong,.... 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, ]■ 

Hempen rope, cable-laid. 

Silken thread, •] 

Flaxen thread, 



I m. X I m. 
area i sq. in. 
girth 1*27 in. 
I in. X I in. 
area i sq. in. 
I in. X I in. 
I in. X I in. 

girth I in. 

girth 10 in. 

areao'000115 

sq. in. 

unknown. 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 

6 



0*297 

0-3 

6-0 

0-3 

0-3 

3-0 

4-0 

26*0 

0*279 

i9»95o 

15,833 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread; 
3,000,000 feet of itself = 1,300,000 lbs. on the square inch. 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm gut, in lineal feet of itself, is about 
the same with that of silken thread. 
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BoYAL Navy Cakyas. 

Hean of No& Mean of Nosi 
l,2,8,4,ft,&nd6. 7&nd& 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of the warp and wefb, 5 2,340 59, 200 

(The above are from the Trams. ofUte InstitiUion of Engineers in 
Scotland for 1865-6, on the authority of Professor Bankine, Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory : — 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot 

Tenacity, 73,ooo lbs. per square inch. 

Besistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim, 269,000 



Secjtion II. — Rules. 

1. Facten of flaletr «id Modiill of fiMrength :~^ 

Dead Load. LiyeLoad. 
Factors of safety for perfect materials and ) 

workmanship, j ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as the weight of the 
structure itself. 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a force exei-ted in a moving machine. 

X HuLE I. — Given, the proportions of live and dead load on a 
structure; to find the factor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the factor of safety for a live load 
by the number proportional to the live part of the load ; add 
together the products, and divide by the sum of the multipliers. 

Example. — In an iron bridge, suppose dead load : live load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39; and 39 - (5 + 4) = 4J, 
factor of safety for mixed load. 

Rule II. — Given, the breaking load of a piece of material; 
to 6nd the proof load; divide by the factor of safety for a dead 
load. 

Rule III. — Given, the intended working load on a piece of 
material; to find the least pro])er breaking load; multiply by the 
proper factor of safety as found by Rule I. 

Rule IV. — To find the toorking moduliLs or co-efficient of strength 
of a given piece of material; divide the modulus or co-efficient of 
tdtimate strength by the proper factor of safety. (The co-efficients 
in the tables of the preceding section relate, with a few exceptions, 
to ultimate strength, or l>reaking load.) 

2. Vniforni Teuaioii.— RuLE V. — To find ^Ae intensity of the stress 
on a bar bearing a tensile load ; divide the load by the sectional 
area of the bar. 

Rule VI. — To find the breaking load, or the working lead, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper factor of 
safety). 

Rule VII. — To find the sectional area of a bar to bear a given 
load ; divide the load by the proper modulus. (See Rule IV.) 

Rule VIII. — ^To find the proportionate extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^tnudvliis oj 
elasticity ^^ (See Tables.) 

To find the do^ngation; multiply the length of the bar by the 
proportionate extension. 

N B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corre8])onding elongation : or 
otherwise; multiply the moduliLS of resilience by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load traveraes the centre of each cross-section of 
the bar. 

3. Uniformly Tarying Tension. — When the resultant of the 
stretching load does not traverse the centre of the cross- section of 
the bar, the intensity of the stress will sensibly vary at an uniforfia 
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■ rate; and will be least at that edge of the section ,/rom vrhich the 
resultant deviates^ and greatest at that edge towards which the 
resultant deviates. The mean inten^y will be the same with that 
given by the Rules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

B.ULE X. — Find the centre ofmagnitvde of the cross-section as in 
the Kules of pages 81, 82, 83, and 85. Then find its centre of per- 
cussion relatively to the edge from which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude from the edge towards which 
the reaultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetrical sections add 1 to the first quotient.) The 
sum will be the ratio in which the greatest intensity of tlie sti-css 
is greater than the mean intensity. 

4. Bealalance of Thin Shells to Barstlng. — Let r denote the radius 
of a thin hollow- cylinder, such as the shell of a high pressure 
boiler; *, the thickness of the shell ; /, the tenacity of the material, 
in pounds on the square inch ; ;?, the intensity of the pressure, in 
pounds on the square inch, required to burst the shell. This ought 
to be taken at six times the effective working pressure — effective 
pressure meaning the excess of the pi-essure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

KuLE XI. — To find the bursting pressure of a given thin cylin- 
drical slusll ; make 

p =-"■ . 
^ r 

Rule XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

i -P 

Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbairu). 

KuLE XIII. — To find the bursting pressure of a thin splierical 
sheU; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

Rule XIV. — To find the least proper thickness for a thin 
spherical shell of a given material and radius, for a given bursting 
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pressure; take half the corresponding thickness for a cylindrical 
shell. 

N.B. — ^When a cylindrical boiler has hemispherical ends, it ia 
advisable to make them as thick as the cylindrical barrel, notwith- 
standing that they are thereby made twice as strong. 

BuLE XV. — Suppose a shell of the figure of a segment of a 
sphere to have a circular flange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell Let r denote the ludius of the sphere, in inches; /, the 
radius of the circular base of the segmental shell, in inches; p, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asunder all at once shall be 

3-1416/2^; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :— 

2? T^ ' s/ r^ — 7^^' 

If the segment is a complete hemisphere, r' = r, and the last 
expression becomes = 0. 

5. Resistance of Thick Shells to Barsting. — Let K represent the 
external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material is/, and whose 
bursting pressure is p, 

BuLE XVI. — To find the bursting pressure of a given thick 
hollow cylinder; make 

BuLE XVII. — ^To find the proper proportion of outside to inside 
radius for a given tenacity and burating pressure; make 



formulae f 
Rule XVIIL— p =/' 



The corresponding formulae for a thick hollow spJiere are 



6. Resistance to Shearing.— In rivets, keys, pins, bolts, treenails, 
aDd other fastenings exposed to shearing stress, the greatest iniensily 
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of the stress is liable to become greater than the mean mtensity, 
through unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

IliTLE XX. — To find the strength of an easy-fitting fastening 
against shearing ; multiply the sectional area by the modulus of 

2 
strength ; then take ^ of the product if the fJEustening is rectangular 

■3 
in section, or j if it is circular or elliptical in section. 

For a perfectly tight-fitting fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

KuLE XXI. — Ordinary dimensions of rivets: — 

Diameter for plates less tham half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thickness of the plates to be connected + 2^ x diameter of 

the rivet. 

KuLE XXI. A. — Eivetted Joints. — Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
d, the diameter of a rivet; 

w, the number of rows of rivets transverse to the pull ; 
c, the pOch from centre to centre of the rivets in one row ; then 

^ -7854 «c^ 

e = a + . 

t 

Each plate is weakened by the rivet holes in the ratio 

a "d ^ -7854 nrf 
c " ^ -f -7804 n d^ 

In **single-rivetted" joints, w = 1; in "double-rivetted" joints, 
n = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in ar chain-rivetted joint the pitch, c, is fixed; then 

^ " -7854 ci2- 
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7. RestoUiace to ConpreMion and ]>irect Cmalilag. — Kesistance 
to longitudinal compression, when the proof stress is not exceeded, 
is sensibly equal to the resistance to stretching, and is expressed 
by the same modulus. When that limit is exceeded, it becomes 
irregular. (See Rule VIII., page 206.) 

The present Article has reference to direct and simple crushing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions) 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length is 
not more than ten times the diameter, approximately ; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Rules of this Section, from V. to VIL, 
and also Rule X. (pages 206, 207), are approximately applicable, 
substituting thrust for tension, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter oflfer greater resistance to crushing than that given by 
the Rules; but in what proportion is uncertain. 

8. Strength of Long Strut* and Pillar*. — Long struts and pillars 
give way by bending sideways and breaking across. Let P be the 
breaking load of such a pillar; S, its sectional area; l, its length; r, 
the least radius of gyration of its cross-section (see page 154); /"and 
c, two co-efficients depending on the material ; then 

Rule XXII. — For a strut or pillar fixed in direction at both 
ends, 

P / 

S "" , ^2 • 

1 + -g 

cr^ 
Rule XXIII. — For a strut or pillar jointed at both ends; 
P / 

c r* 

Rule XXIV. — For a strut or pillar jointed at one end and fixed 
at the other; 

p / 

8 ~ " _16^' 



LOKG STRUTS — COLLAPSINa 



211. 



Malleable iron,. 

Cast iron, 

Dry timber, 



Values of the Constants. 
/ 

Jj}m. on flie Sqnftte I 



36,000 

80,000 

7,200 



36,000 
3,200 
3,000 



Table op Values op r* for Different Forms of 
Cross-Section. 

Solid rectangle; least dimen- ) 
sion = h; j 

Thin square cell; side =zh; 

Thin i-ectangular 
breadth, 6; depth, 

Solid cylinder; diameter : 

Thin hollow cylinder; dia- 
meter = A; 

Angle iron of equal ribs; 1 
breadth of each = 6 ; . 

Angle iron of unequal ribs; 1 
greater, 6, less, h;. 

Cross of equal arms ; . 



cell; ) 

b,/»i f 

meter == A; 



A* -=- 12. 

A2 -r 6. 

^ . ^ + 3^ 

12' ^ + 6"" 

A2 -r- 16. 

7*2 ^ 8. 



62 - 24. 



62 A2 



H-iron ; breadth of flanges, \ 
b; their joint area, B; area > 
of web. A; 

Channel iron; depth of 
flanges + ^ thickness of I j^2 
web, h; area of web, B; of 
flanges. A; 

Barlow rail; cross - section ' 
composed of two quad- 
rants of radius £., mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x '273; 

Pair of Barlow rails as above, 
ri vetted base to base ; 

Circular segment of radius 
R and length 2 R tf; 



12 (62 + 7,2). 
h^ ^ 24. 

12' 



{« 



A-rB- 



(A + B) • 4(A 



B.2 4. 7 nearly. 






u+ 



•393 R2 
cos fi sin 



2fi 



6 ___ sin2 J ) 



R2 



9. Rcstolance of Tabes to Collnpalng.— EULE XXV.— Collapsing 

pressure in lbs. on the square inch = 

9,672,000 thickness2 ^ 
length X diameter ' 
all the dimensions being in the same units of measwT^ 
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"When tubes are stiffened by rings^ the length in the rule is to 
be measured from ring to ring. 

10. Action of a TmnsTerMe Ijoad oa a Beaai* — If the load con- 
sists of several parts, find the resultant load by the Kules of Part 
v., page 164, and Part IV., page 153. Then find the supporting 
forces by the proper rule (XIX.) in page 163. 

Rule XXVI. — To find the shearing actions exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point. 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols ; let c? a; be an interval of the 
length; w, the load per unit of length; F, the shearing action at 
the distance a; inwards from the outermost loaded point; then 



'=/ 



wdx, 

o 



Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the sum will be 
the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P<, be the supportiog 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 



•=p.-/ 



wdx, 





Remark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span ; P/, the supporting force at its 
further end; and F;, the shearing action close to that end; then 



Fi = Po- r M;e^a;=:- P,; 



and this formula serves as a check on the accuracy of the calcula^ 
tdons by the preceding fonauW 
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Rule XXVII. — To find the bending moments exerted at a series 
of points in the length of the beanie Multiply the length of each 
interval by the shearing action exerted in that interval; add 
together the products corresponding to the intervals which He be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment 

In symbols, let M be the bending moment at the distance x from 
one end of the beam; then 

M= f'Fdx. 



=/: 



Remark. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 



«.=/: 



Fc?a: = 0. 



Rule XXVTII. — To find the greatest bending moment; take 
the bending moment at the point where the load divides; that is, 
where F = 0. 

For tables of the comparative values of difierent units of bending 
moment, see pages 104, 110, 113. 

11. Bxplanatlon of the Table of Examples. — W, total load; ly 
length of beam fixed at one end, or span of beam supported at both 
ends ; F, shearing action, and M, bending moment, at distance x'' 
from one end ; x\j distance from one end at which shearing action 
is greatest; ky ratio of greatest shearing action to total load W; 
a; Q, distance from same end at which F = and M = a maximum ; 
m, ratio of maximum bending moment to W^. That is to say, 
let Fj = greatest shearing action, and Mq = greatest bending 
moment; then F^ = kW; Mq = mWL 

To transform the expressions in the following table, Cases IV. 
to VII., which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends^ into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the half-span, and substitute 2 c for I, c — x for x', and 
c + X for I " x', throughout the whole of that part of the 
table. 

12. TraTeiUng lioad on a Beam.— A beam of the span I is sup- 
ported at the two ends ; a permanent load of the uniform intensity 
of w Iba per lineal foot is distributed over it. An additional load, 
such as the weight of a railway train, of w' lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from . end to end, and then rolls ofi" at the other end. (For the 
continuation of this Article see page 216.) 
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Rule XXIX. — ^The Greatest Shearing Action at a given cross- 
section occurs when the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F' denote that action, and x' the distance of the 
section in question from the nearer end of the beam 3 then 

Let X be the distance of the cross-section in question from the 
middle of the beam, and c the half-span; then 

^, , w' ic + x)^ 

4c 

The Greatest Bending MomemJt at a given cross-section occurs 
when the whole span is; loaded with the travelling load^ and is 
therefore given by Case VI. of the table ; viz., 

^ _ {yo + v^) a! {I — x') __ {w + v/) {<^ — sc^ 
^ - 2 " 2 • 

Kemabe. — If the travelling load is liable to rush snidderdy on to 
the bridge, like a swift railway train, its actual weight should be 
douhled in taking the value of i//, in order to reduce it to the 
equivalent steady load ; and when this has been done, the factor of 
safety employed in further calculations may be that suited for a 
dead load. 

13. The niefiieiit ef Besistance of a Beam at a given cross-section 
ought to be at least equal to the greatest bending moment. 

KuLE XX X. — In a skeleton beam, consisting of stiingers and 
braces only (see fig. 72, page 169), to find the moment of resist- 
ance at a given joint; mtdtiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicidar 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

KuLE XXXI. — In a thin-v)d)hed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed); then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance^ approximately. In this method the moment of resistance 
of the weh ia neglected. 
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N.B. For the best economy of material, the two products first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of eqiud strength, 

E.ULE XXXII. — In a solid beam, to find the moment of 
resistance at a given cross-section : — 

Step 1. — Find the netUral axis of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line pei*pendicular to the plane in which the 
bending of the beam takes place. 

Step 2. — Find the geometriccU moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Rules I., II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis ; z, 
its length parallel to that axis; d y, its breadth ; and I, the geometri- 
cal moment of inertia of the section ; then I = \ y^zdy {=n'b h^y 

where h is the breadth, h the depth, and rC a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page211); thenI=:r2S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
required moment of resistance. 

In symbols, let y^ and y,, be the greatest distances of compressed 
and stretched particles from the neutral axis; ^ and ^, the greatest 

f 
safe thrust and tension on those particles respectively; let — stand 

f f 
for the lesser of the two quotients, — , --; then the moment of 

resistance is f j 

-K^^^^nAhh^', 
Vi 

where n is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows :— 

M=*^ = gA^Ss 
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in which S is ihe area of the croasksectioB, and q a suitable 
uumerical ^Etctor. 

For the best economy of material, the two quotients ought to be 
equal) that is to say, 

A ^ f± ^.f± ^ /g +^ , 
Vi y* y^ ^ * 

This gives a croas-aecHon^cfeqiuil strength. 

Examples of the Numerical Factors. 



Form of Cross-Sectiomk 


""'bh- 


^ h 


fbh*' 


L Rectangle b A,...^.^...** ) 

(including square) ) 

II. ElUpse— 

Vertical axis /(,,. ) 

Horizontal axis 6, 

(including circle) 

ni Hollow rectangle, bh—l/h'i^ 
also I -formed section, 
where 6' is the sum .of the - 
breadths of the lateral 
hollo'wa. 


1 
12 


1 
2 


1 
6 


IT 1 

64"*20-4 
= 00491 


1 
2 


ir 1 
32 ""10-2 
= 00982 


1 , 6';i-x 
12 V* hh'J 


J 
2 


IC-lf) 


IV. Hollow sonare, 

h*-^' 

V TTollow ellinse 


12V h*) 


1 
2 


J('-¥) 


20-4V^ bh* J 


1 


10*(*-6A») 


VL Hollow circle... 


20-4 V^ h*J 


1 
2 


10-2 V. h*) 


VII. Isosceles triangle; base &, ) 
height h ; yi measured > 

•frnm nnTninilL i 


1 
36 


2 
3 


i 
24 
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Form of Cross-Sectioit. 

L Bectangle, g. 

11. Ellipse and circle, ^ 

IIL Hollow rectangle, ,, -,, 

S = 6 A - 6' A'; also I-shaped i « ^.A! 

section, V being the sum of ^_^L__ 

the depths of the lateral ^/. b' h'V 

^V-bh) 



1 /, h\ 



hollows, . 

IV. Hollow square, S = A^ - h\. 

V. Do., very thin (approx.), ' -5. 

YL HoUow ellipse, |(l -|^ ^ (l " |^). 

VIL Hollow circle, ^ A + ^\ 

8 V ^V 

VIII. Do., very thin (approx.), 

IX, T-shaped section; flange A, (C + 4 A 

webC;S = A + C(approx.), 6 (0 + A) (C + 2 A) ' 

X. I-shaped section; flanges A, B; 
webC;S = A + B + C;the 

* ^ ^^^ " 6(C + 2B)(A + B + C) 

X. A. Do., da, tlie beam sup- 
posed to give way at the flange C(C + 4 A + 4 B) + 12 A B 
^ ^"PP^'^^' -6-(C^2A)-(ATBTC) ' 

XL I-shaped section; with equal 

flanges; A=B;S = C + 2A Vij. -AA_\ 
(approx.), 6 V C -f 2 A/ 

14 Cr#— a ccttoM ef K«iiai Btrengtli have already been mentioned. 
The following rules are applicable where the beam is I-shaped, con- 
sisting of a vertical web, rectangular or nearly so in section, with 
flanges of small depth compared with the depth of tba '^^\^^Tv>xi:c^'^ 
along its upper and lower edges. 
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Let fa be the greatest safe thrust; ^,the greatest safe tension; ' 
ya and yj^ the distance from the neutral axis to the centres of the 
compressed and stretched flanges respectively; A = y^ + Vh, the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

Rule XXXIII.— ^^ greater than ^ (as in cast iron). Given, 

A, C; to find B; 

Kemark. — ^The moment of resistance is 

m = a{/.a + (2/.-/.)^ |=a{/.b-(/.-2/;) J }. 

In practice, A^J B is often used as an approximation to this 
moment. 

Rule XXXIII a.— ;^ less than^ (as in wrought iron). Given, 

B, C; to find A; 

A ='^* • B H--^^* C. 
Remark. — The moment of resistance is 
M = a{/.B + (2/»-/.)|} = a{/.A + (2/. -/.)?}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liengimdinal Sectiens ef Equal Strengtli.— RuLE XXXI Y. — 
To give a beam a longitudinal section of equal strength, make h A*, 
or h S, at different points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, h, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to J'M.i or let S be constant, and make h vary proportionally 
toM. 

16. AUevrance fer IFeislit •€ Beam.^RuLE XXXY. — Let W 
he the external working load, dead, live, or mixed, on a beam; «^, its 

/proper &ctor of safety; and "let a >>e \.\ib factor of safety for a dead 
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load. Having fixed the depth beforehand, calculate a provisional 
hreadthy or a provisioned sectional area, suited to bear safely the 
external load alone; and thence compute a provisional weight for 
the beam, — say B\ Then increase the breadth, or the sectional 
area, in the foUowing ratio : — 

s'W 



s'W' — sB' 

and the beam will safely bear its own weight in addition to the 
given external load. 

KuLE XXXVI. — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting span, L, of a beam of the same sort, and with the same 
proportion (A ^ ^ of depth to span, which will just bear its own 
weight safely and no more. 

T , s'W+sB 

^ = ^'— 7b — 

KuLE XXXVII. — Given, for a certain sort of beam, with a 
given proportion, h -t- I, of depth to span, the span Z, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B s' I 



Ws Jj — l 

17. DeflecUen of Beanw.— RuLE XXXVIII. — To find the curv- 
aiure (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material In symbols, let r be the radius of curvature; then 

1_^ 
r "■ E I* 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (fj) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof (curvature; 
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In cross-sections ofeqval aitrength the proof curvature is 

KuLE XXXIX. — To find the slope of the beam (originally level) 
at a given point Divide the length of the beam into small 
intervals {d x); multiply the length of each interval by the curva- 
ture at its centre (giving the product — J ; sAd together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

\i = ] — ) will be the required slope. 

Rule XL. —To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product i d x); add 
together those products for the intervals extending between the 

highest and lowest points of the beam, the sum (« = I i d x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules ; — 

Let c be the half-span of a beam supported at both ends, or the 
length of a beam fixed at one end ; A, the extreme depth, and h, the 
extreme breadth of the beam; W, any given loadj^J^, the proof 
sti-ess ; or/„,the proof thrust, and/^jthe proof tension, in cross-sections 
of equal strength ; nv h, the distance of the most severely strained 
layer from the neutral axis; n' h h^, the moment of inertia of the 
greatest cross-section; m", n", m'", n"\ numerical multipliers. 

Rule XLI. — Steepest slope under proof load; 

BuLE XLIL — Proof deflection ; 

""^^Em'h' v"" Eh r 

Rule XLIII. — Steepest slope under a given load, W; 

*'i " E w' 6 // 
Rule XLIV. — Deflection under a given load, W; 
_ n"' W c8 
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Case. 

A- TJnifobm Cross-Section^ 

L ConstantMomentof Flex- ) 

lire, > 

IL Fixed at one end, loaded ) 

at other,... • / 

IIL Fixed at one end, nni- ) 

formly loaded^ j 

rV. Supported at both ends, ) 

loaded in middle, j 

V. Supported at both ends, ) 
uniformly loaded, j 



Proof Load. Giycn Load. 

Factors for Factors for 

Slope. Deflection. Slope. Deflection. 

TO" n" n'" n"* 



1 ... 


1 
— 2 






1 


1 


I 


1 


2 "• 


... g . 


2 


■ 3 


1 


1 


1 


1 


3 - 


... - . 


& 


• iB 


1 


1 


1 


1 


2 •" 


... 3 . 


• ••«. i .»..ri 


• 6 


2 


5 


1 


5 


3 - 


... j^ . 


c 


•is 



B. Uniform Strength and Uni- 
form Depth. 



(The curvature of these is uniform). 

VL Fixed at one end, loaded ) 

at other, j 

Vll. Fixed at one end, uni- ) 

formly loaded, ^.... J 

VIIL Supported at both ends, ) 

loaded in middle, J 

IX. Supported at both ends, ) 
imiformly loaded, j 



1 ... 


1 


... 1 ... 


1 




... 2 ... 




... g 


1 


1 


1 


1 




... ^ ... 


... 2 ... 


'■• 4 


1 


1 


1 


1 




... 2 - 


... 2 ... 


••• 4 


1 ... 


1 


1 


1 


... 2 ••• 


... ^ ... 


... 3 



C. Uniform Strength and Uni- 
form Breadth. 



X. Fixed at one end, loaded ) « 3 2 

at other, j g ^ « 

XL Fixed at one end, imi- ) . /? .^ , . /. . 1 

formly loaded, / '^^^*® ^ "^^*® ^ 

XII. Supported at both ends, \ o 2 1 

loaded in middle, J 3 ^ « 

XIII. Supported at both ends, ) , i-^^« ^ ^^^« ^ 

iiiformly loaded, .} ^'^^^^ ^'^708 0-3927 0-U27 
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Rule XLV. — Given, the half- span, c, and the i/rUended proof 
deflection, Vp of a proposed beam; to find the proper value of the 
greatest depth, A^j make 

(taking n" from the preceding table^ and making m' A^ as before, 
denote the distance from the layer in which the stress is/^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

Rule XLVI. — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the fiictor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress is 



P = 



n" c^ 



Rule XL VII. — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. Centiiaiieiu Oirden.— In the following rules the girder is 
supposed to be of uniform cross-section, and to be continuous over 
two or more piera The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load per unit of 
span, if brought on slowly, hy iif; if the travelling load comes on 
suddenly, w' must be understood to stand for the equivalent dead 
load; that is tvnce the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe binding moment. 

Rule XLVIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - M^, when 
every span is loaded with the travelling load; 

JHo g , — J*lj _ 3 . 
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KuLE XLIX. — To find the said bendiog moment when the span 
under consideration is loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 

_ {w + 2w')<^ ^ _ {2w + vf)<^ 
Mo - g , — Ml g . 

Eveiy continuous girder bridge has two end hays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

BuLE L. — The proper span of an end bay should be not less than 

c a/ ^ — — (or it will be too light); and not greater than 

^ ( 1 + V 3^+^-) ) (^^ it wiU be too weak). 

To calculate the proof deflection of continuous girders, use Rule 
XLIV., page 223, with the fdlowing values of the multiplier n"; 



Every span fully loaded,. 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two foUowing factors, 



1 
8 

w + ^w' 



w+3w' 



19. Arched Bibs«— In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the fonn of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
f^q h A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gradually put on, by vf; 
if suddenly put on, w' denotes tioice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

IlXTLE LI. — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (^), 

„ (m7 + w/)c2 H 
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Rule LII. — ^When one-half of the span only is loaded with the 
travelling load, the horizontal thrust is, 

Also, let -yTT- = M' ; then the greatest intensity of stress is 

Hemabk. — That greatest stress is compressive; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded half. 

Rule LIII. — Given, the greatest safe stress, fa', to find the 

proper area, A, for the rib at its crown; calculate the two foUow- 

M' 

ing quantities : H as in Rule LI. ; and H' H 7' as in Rule LII. ; 

g/i 

divide the lesser of them hyf^; the quotient will be the required 

area. 

20. stiflening Oirder.— RuLE LIV. — To find the proper moment 
of resistcmce for a stifiening girder for a suspension bridge; calcu- 
late M' as in Rule LII. The greatest shearing action in that 

. , , w' c 
girder is -r— . 

The stiffening girder is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Kesistance to Twisting.— Let h be the external diameter of a 
shafb; h\ the internal diameter (if it is hollow);/', a modulus of 
stress. 

Rule LV. — Moment of resistance of 

a solid cylindrical shaft, 0*1 96 /A^; 

a hollow cylindrical shafb, ..•.0-196/' • -% ; 

a solid square shaft, 0*28/ h^. 

Rule LVI. — To find the thickness of a shafb which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h= ^ ( o»l96/' ) ' 

hollow cylindrical shaft, h' = nh; h = aV ( Q.iog (1-7^4^/ 7* 

solid square shaft, h = a / t a.oq/ /• 
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Stress in Lbs. on the Square Inch. 
Breakings 'Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

Rule LVII. — When bending and twisting actions are corn- 
Lined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following twisting momerU : — 

M + ^ (M2 + T2). 

HuLE LYIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when under the proof stress/', is -^-j- ; in which I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Boclded Plate*-— RuLE LTX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick* 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. SnspeiiBieii Bridges.— As to the horizontal tension, see page 
173. As to stijffening girders, see page 226. 

Rule LX. — Given, the working horizontal tension, H, the half 
span, OS, and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

Jlx 

For the strongest wire cables, make C = ^ ; 

H X 
For cable ii*on chains, make C = » nnn x- i. - 
' 3,000 teet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 
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PAET VII. 

MACHINES IN GENERAL. 

Section I. — ^Rules relating to the Compabison op Motions. 

1. nfetien ef a Peint.— As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in fed per second, and 
angular velocity in circular measure per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
"^ 3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resultant of those two motions 
is the motion of 3 relatively 
to 1. 

Rule L (See fig. 86.)- 
^' * Given, the velocity and direc- 

tion, A B, of the motion of a point. A; to find the component of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component. In symbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity (v) ; to find the angvla/r velocity of revolution^ 
divide the linear velocity by the radius. In symbols; 

V 

a = -. 
r 

Rule III. — In the same case, to find the rate of deviation; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radius. In 
symbols; 

rate of deviation = — = cfir, 
r 
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2. Transiatien ef a Bigid Body is that kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

Rule IV. — During translation the relative motion of two points 
in a rigid body is = 0. Their comparcUive motion at any instant 
consists in equality of speed and identity of direction. 

3. Beiation ef a Bigid Bodj.— RuLE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation ; to 
find the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

Rule YI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axis. 

Rule YII. — Given, an axis of rotation, and two points not in 
that axis; to find the comparcUive motion of those two points. The 
ratio of their velocities, or vdocUy-ratio, is equal to the ratio of their 
perpendicular distances fix)m the axis. 

Rule YIII. — A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 




Fig. 89. 



those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case I. — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motion. 
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Case II. — Directions parallel to each other, and not perpen- 
dicular to line of connection, A B. In this case the motion is one 
of translation, and there is no axis. 

Case III. — Directions perpendicular to A B. (See figs. 88, 89.) 
In this case the problem is indeterminate unless the velocity-ratio 
of A and B is given. Then draw A Va, B V^, in the directions of 
motion of A and B, and bearing to each other the given ratio; draw 
the straight line Va Vj, cutting A B (produced if necessary) in O; 
this will give the position of the required axis. 

Remark. — The axis found by Hule VIII. may be either per- 
manent or instantaneous. 

(See fig. 90.) — In a body rotating with a given 
speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A On A B let fell the per- 
pendicular O B, and multiply its length 
by the angular velocity. 

4. lVl4>tlon of Blgldly-Comiected Polntib— 
A pair of points, A and B (fig. 91), are 
80 connected that their distance from each 
other, A B, is invariable. 





Fif. 91. 

Rule X. — Given, the directions, A a and B b, of the motions of 
a pair of rigidly-connected points at a given instant ; required, their 
velocity-ratio. Draw the straight line of connection, A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C and D draw perpendiculars to 
the line of connection, cutting A a and B 6 in E and F. Then, 
velocity of A : velocity of B : : A E : B F. 

5. p«iiit« in Sliding Contact— In fig. 92 let A B and C D repre- 
sent a pair of smooth surfeces moving in sliding contact, and let 
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T mark the position of tlie pair of particles which at a given 
instant touch each other. 

Rule XI. — Given, the directions T Vj 
and T Vg of the motions of the con- 
tiguous particles; to find the ratio of their 
velocities. At the point of contact 
draw T U of any convenient length 
normal to the two surfaces at that point. 
Through U draw U V^ Vg parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in V^ and Yg. Then velocity of 
particle 1 : vdocity of particle 2 : :TY^ iTY^ 

Section II. — Rules relating to Mechanism. 

1. Rolling Contact. — ^The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : b. To find the position 
of the line of contact of the pitch-surfaces; let c be the line of 
centres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

b c 
From the axis about which the angular velocity is as a; -', 

From the axis about which the angular velocity is as 6 ; j^. 

In other words, the radii a/re inversely as the angtUar velocities. 

Rule II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular velocities of two 
conical or smooth bevel wheels about their axes (which meet in one 
point); to find the line of contact of the pitch-surfaces of those 
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Fig. 93. 



wheels. In ^g. 93 let O A, O C be the two axei^ intersecting in 
O. Lay off on those axes, O a, O 6, respectively proportional to 

the angular velocities of the 
wheels which are to turn about 
them. Complete the parallelo- 
gram O h c a; the diagonal 
O c (produced as far as i-e- 
quired) will be the line of con- 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 
line round the two axes respectively. 

2. skew-Berei Wheein.— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes^ to which it is neither parallel nor 
interaectiug. 

Rule IV. — ^The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : 5, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In ^g. 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B, 
c ei? II C D, in which take lengths iu 
the following proportions : — 

a :h : : hp : hq; 

complete the parallelogram hpeq, and draV its diagonal, e hf; 
the line of contact, E H F, will be parallel to that diagonal 

From p let fall p m perpendicular to h e. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation, 




Ae:em:m^::GK:GH:KH> 

and the two segments thus found will be the least distances of the- 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line- 
E H F about the axis A B, with the radius vector G H; the- 
second, by the rotation of the same line about the axis D, with 
the radius vector H K, 
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3. Teeth of wiieek.— KuLE V. — To find the least thickness 
suitable for the teeth of a wheel. Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inches. 

KuLE VI. — To find the least pitch suited for the teeth of a wheel; 
multiply the least thickness on the pitch-line by 2J. 

Rule YII. — To find the least breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inches. 

Kule VIII. — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

Rule IX. — To set out involute teeth. In loig. 95 let C^, Cg be 
the centres of two circular wheels whose pitch circles are B^, Bg. 
Through the pitch-point, I, draw the intended line of connection, 
Pj Pg, making the angle C I P = ^ with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

= I"Co 



Ci Pj = I C^ • sin ^, Cg P, 



' sin B, 



perpendicular to P^ Pg, with which two pei-pendiculars as radii, 
describe circles (called ha,se circles), Dj, Dg. The proportions of 



the triangles, C^ I Pp Cg I Pg, 



are m 



practice nearly as follows : — 
65 : 63 : 16 : : I C : C P 



IP. 



Make a circular mould of the figure of ono 
of the base circles, D ; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord^ 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the paZh of contact of the teeth ; 




Fig. 95. 



say = ^ pitch j, along 



Pg in either direction from I. 



The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle B. 

The smallest possible number of involute teeth in a pinion is the 
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whole number next above 2 «• tan 6. When tan 6 = 



63 
16 



that 



number is 25. 

Rule X. — To set out epicycloidcd teeth. Make two moulds of 
the figure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing circle, with a 
tracing-point in its circumference; the usual size of the describiug 
circle is such that its circumference is six times the pitch, and its 
radius therefore = pitch x 955. To trace the ^aw^s of the teeth, 
roll the describing circle inside the concave mould ; to trace their 
faces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle ; G I C, part of a radius of 

the wheel; B,, the describing circle 
when inside the pitch-circle; B', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
off I D = I D' = the pitch; D will 
be the inner end of the flank of a 
tooth, and D' the outer end of the 
face of a tooth. 

All wheels having epicycloidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teetl^. Theii* 
flanks are i*adial straight lines. 

BuLE XL — To set out ap- 
proxbTTuUe epicydoidal teeth; 
let p denote the pitch, n 
the number of teeth in the 
wheel. 

In fig. 97 let B C be the 
part of the pitch-circle, A the 
point where a tooth is to 
cross it. Set off A B = AC 





Fig. 97 



P 

^. Draw radii of the pitch-circle, D B, E C. 



^. ^_„ __ ^. ., ^ X., ^ v.. Draw F B, C G, 

making angles of 75^° with those radii, in which take 



is n 



+ 12' 



C G = ? • 



}i n- 12 
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Round F, with the radius F A, draw the circular arc A H; this 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K; this will be the flank of the tooth. 
(See Willis On Mechanism,) 

4. Screws. — RuLE XII. — To find the advance of a screw corre- 
sponding to a given number of turns; multiply that number by 
the pitch (measured pamllel to the axis, between corresponding 
points on two successive turns of the thread). 

Rule XIII. — Given, the pitch of a screw; to find the obliquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
circumference), and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Rule XIV. — To find the normal pitch of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
let p be the pitch ; then 



Normal pitch = ——-^^^ 



^ (4 ^2 ^ + :f)' 

Rule XY. — To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gea/r together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads, if both are right-handed or both left- 
handed ; or equal to the difference of those obliquities if one screw- 
is right-ha-nded and the other left-handed. 

N.B. — The angular velocities of two geaiing screws are inversely 
as their numbers of threads. 

5. Pulleys and Bands (whether belts, cords, or chains). — Rule 
XVI. — To find the ratio of the speed of twrning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then thi^ 
speeds of turning will be inversely as the radii. 

Rule XVII. — To design a pair of tapering speed-cones, so that 
the belt may fit equally tight in all positions. 





Fig. 98. Fig. 09. 
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Case I. — Belt crossed (fig. 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case II. — Belt uncrossed (fig. 99) Use a pair of equal and 
similar conoids tapering opposite ways, and bulging in the middle 
according to the following formula: — ^Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^, the radius at the smaller end; then the radius in the 
middle, Tq, is found as follows : — 

r^ - n + ^^ + (^1 " "-2? 
^0 " 2 ^ 6 28 c • 

6. ijinkw«rk.^When two pins are connected together by a link 
or connectingrody to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair oi rigidly-connected points. 

When the points thus connected move in one plane, use Rule 
VIII. of the preceding Section to find the instantaneous axis of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and Piston'Rod,—ln fig. 100 let R T^ be a 

piston-rod ; T^, its head ; C Tg, a 
crank; T2, the crank- pin ; T, T^^ 
the connecting-rod. Through T^ 
draw Tj K perpendicular to R T^, 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if v-^ 
and Vg be the velocities of Tj and 
Tg respectively, Vj r Vg : : K Tj : 
K Tg : — or otherwise ; through C 
draw C A perpeDdicular to R Tj, 
and cutting the line of connection, T^ Tg (produced if necessary) in 
A. Then v^ : «?2 : : C A : C Tg. 

7. ParaUei Jiiotioiis.— RuLE XIX — Given (in ^g. 101), the line 
of motion, G D, of a piston-rod, the middle position of its head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 
perpendicular to D G; to find the radius of the lever, so that the 
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link connecting it with B shall deviate equally to the two sides of 
G D during the motion; also, the length of the link. 

Make D E = :i stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced in F ; A F 
will be the required radius. 
Join F Bj this will be the 
link, 

Rule XX. — Given, the 
data and results of Rule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A H, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are ne^r enough to that line 
for practical purposes. 

Rule XXI. — Given (in 6g, 
102), the main centre, A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the main Unit:, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, C E D F (in which E = F D is called the parallel bar, 
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an (IDS = PC the hack link), and a radius lever, or bridle, H E, 
jointed to the angle E of the parallelogram. 

Draw the straight line A B, cutting the back link D E in G ; 
then by Rule XX. find the lever H E, such that the middle and 
extreme positions of G shall lie in one straight line. 

(The point G shows where a pump-rod may, if convenient, be 
jointed to the back link). 

8. Blocks and Tackle. — E.ULE XXII. — The ratio of the velocity 
of the fall of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. Pistons*— The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston , when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

Rule XXIII. — To find the volume swept by a piston per stroke; 
multiply the stroke by the area. 

Rule XXIV. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

Section III. — Rules relating to Work at Uniform aito 
Periodical Speed. 

1. Oenerai Principles.— In a machine moving at an uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. Computation of Work Done. — To compute the quantity of 
work done : — 

Rule I. — ^When a weight is lifted to a given height : — ^multiply 
the weight by the height. 

Rule II. — When a body shifts through a given distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion ; either 
resolve the force into a resistance directly opposed to the motion, 
and a lateral force perpendicular to the motion (see page 160, Rule 
YIII.), and multiply the resistance by the distance moved; or 
otherwise: — resolve the motion into a direct component opposed 
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to the entire foi*ce, and a transverse component at right angles to 
it, and multiply the entire force by the direct component of the 
motion. (In symbols, let F be the force, a the distance moved, 
^ the angle of obliquity; then work done = F « cos 0), 

Rule III. — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circulaF 
measure. (See page 102.) 

Rule IY. — When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volume stvept by the piston. (See 
page 238, Rule XXIII.) 

Remark. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intensity. Unit of Volume. Unit of Work. 

Lbs. on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square inch. •! i • i •' > do. 

^ ( X 1 in. X 1 m. J 

Lbs. on the circular inch. •< i ^ i • j. ' > do. 

( long X 1 in. diam; J 

Kilo, on the square metre. Cubic mdtre. Kilogramm^tre. 

3. Computatltfii of Energr, Power, and Efflciency. — (I.) When a 
given weight descends through a given height, or (II.) a given 
force drives a body shifting through a given distance, or (III.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort, or driving force, and for toork done, energy exerted. 

For stored or potential energy, use the same rules, substituting 
possible for actual motions. 

Rule V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the totaZ work done, to which the energy to be exerted will be equaL 

As to Power, see page 104. 

Rule VI. — To find the Efficiency of a machine; distinguish the 
resistances, and the work done against them, into useful and waste- 
ful; then divide the useful work by the total work; the quotient 
1 will be the efficiency. 

Rule VII. — To find the efficiency of a train of machines; mul- 
tiply together the efficiencies of the elementary machines of which 
the train consista 
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4. Computatioii •€ DriTing F^rce. — Suppose a machine to be 
driven against given resistances by an effort or driving force applied 
at, and in the direction of motion of, the driving point; and that it 
is required to find the effort which will maintain an uniform speed. 

E.ULE VIII. — Find the ervsrg^ to be exerted, by Rule V., and 
divide it by the space moved through by the driving point; — or 
othenmse : 

Rule VIII. a. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several worMng points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity.ratio belonging to its point of application, and add 
together the products; the sum will be the required effort. 

Remarks. — This is called " reducing the resistances to the driving 
point'* Rule VIII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "jmT^- 
ciple of virtual velocities ^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. FricUon in machines.— RuLE IX. — To calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the amount of the load, or direct pressure between the sur- 
faces, by the co-efficient of friction. 

JSxplanation oftlie Table. — 0, angle of repose; /=tan 0, co-elQBl- 
cient of friction; 1 :/= cotan 0, reciprocal of that co-eflScient. 



SUBFACES. 



Wood on wood, dry, 

„ „ soaped, 

Metals on oak, dry, 

>» 11 "Vf^tf 

„ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, 

»> >» ^®^ 

Leather on oak, 

Leather on metals, dry, 

» » "^^^i 

n greasy, 

„ ,, oily. 

Metals on metals, dry, 

„ „ wet and clean, 

„ „ damp and slimy,... 

Smooth sarfaces, occasionally greased, 

„ „ continuall}' greased, 

„ „ best results, 

Bronze on lignum vitse, constantly wet. 







14° to 264° 

Il4°t0 2° 

264° to 31° 

134° to 144° 

114 
114° to 14° 

28° 

184° 
15° to 194° 

294" 

20° 

13° 

84° to 114° 

164° 

8*^ 
4° to 44° 

3° 
ij° to 2* 



/ 



•25 to '5 
•2 to '04 
•5 to -6 
•24 to '26 

•2 
•2 to '25 

'53 

•33 
•27 to -38 

•36 
•23 
•15 

•15 to '2 

'3 

'H 
•07 to -08 

•05 
•03 to '036 

•05? 



1:/ 



4to 2 

5 to 25 

2 to I '67 

4-17 to 385 

5 

5 to 4 

189 

3 

37 to 2-86 

179 

278 

6*67 
6-67 to 5 

3-33 

714 
14-3 to 12*5 

20 
33*3 to 27-6 

20? 



FHICnOK — BALAKCI170 HACHIKEIIY. 241 

In order that the load may neither grind the surfaces nor force 
out the unguent of the bearings of machinery, the pressure is to be 
limited by the following rules; in which, by a/rea of baring is 
meant the product of the length and diameter of a cylindrical 
bearing; although the real area on which pressure acts is much 
smaller. 

KuLE X. — Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum ; the quotient will be the greatest 
proper intensity of pressure in lbs. on the square inch, with the 
further limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

IluLE XL — To calculate the moment of friction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. PaUer and StniR.— Let T^ be the tension at the tighter side of 
the strap, and Tq the tension at the slacker side, so that Tj — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the arc of contact between the strap and pulley, in fractions 
of a circumference, andythe co-efficient of friction. 

KuLE XIL — Given, c, /, and the force T^ - T^; to find the 
tensions, greatest, least, and mean. Let K be the number corre- 
sponding to the common logarithm 2*73/ c; then 

T - T N 

2 " - 2 (N - 1) ^1 ^^ 

Remark. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the surfaces being oUy; say 0*15 for leather on metal, and 
008 for metal on metal. 

7. Balancing of iRiaciiineiT*— In a machine every piece which 
turns on an axis should, as far as possible, have its re-actions 
balanced. 

Rule XIIL — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "standing balance") 

Rule XIV. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Regard the products as representing forces, each 
pulling the axis towards the mass to which that product belongs, 

B 
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and arrange the masses so that the moments of those forces shall 
balance each other. 

EuLES XIII and XIV. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cut each other at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
velocity about the axis, and a?, y, z, its distances from the first, 
second, and third planes respectively. Then for a standing 
balance, make 

1, ' mx = 0','2 ' m y = Ki', 
and for a running balance, make also 

2m«aj = 0; ^ ' mzy - 0, 

8. Work of Tariable F«rce«~IlULE XV. — To find the Work done 
against a varying resistance, or the energy exerted by a varying 
effort. Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Rules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Rule, D, page 67, is usually accurate enough for this 
purpose. • 

Remark. — If intervals of the lengtli be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVI. — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its mmn 
breadth; this will represent the required mean force. 

9. Resistance on lilnes of Ijand-Carriage. — RuLE XVII. — To 
find the resistance of a load drawn on a line of conveyance by land; 
to the co-efficient of resistance on a level {/) add the sine of the 
inclination ( ^ ) if ascending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difference). 

In symbols, let W be the load, R the resistance; then 

R = (/=4=i)W. 

Values op the Co-efficient op Resistance on a Level. 

I. Roads. — Let v be the velocity in feet per second; r, the radius 
of the wheels of the carriage in incites; then 

a + h{v - 3-28) ^^ . , 
/ = "^ <■ (Monn). 
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a. 6. 

13, . (from '27 '068 

For pavements, |^ .^J .^^ 

YaJues of^ from experiments by Sir Jolin Macneill, — 
Sandy and gravelly ground, '14; gravel road, '07; 
Broken stone road, from '03 to '02; pavement, '01 5. 
11. RwXvxiyB* — Let V be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^Y 
On ewrvea, add to the above value oif, 

For carriages with parallel axles, — t: — ; — «— -; 

For carriages with moveable axles, — t-, — ; — -^—. 
° radius m feet 

E.ULE XYIII. — ^To calculate theprohable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion ( = about ~ j. In symbols, let E be 

the weight of the engine, q the fraction resting on driving wheels; 
then 

Adhesion = about ^^. 
Ordinary Values op q ai^d J 



Na of Driving 

Wheela ^ 



7 



Passenger engines, 2 | [^°^ '}^ '°^8 

finndfl PTi£nnP« X f from -67 '095 

trtKMls engmes, 4 ^^ .^^ ^^^ 

Do do all 100 '143 



minerals, 
weigh 
the ton. 
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Ordinary Weights op Locomotive Engines.* 
Weights of Engines tvith separate Tenders, — 

(The Tender weighs from 10 to 15 tons.) Tons. 

Narrow gauge passenger locomotives, six- ) to to 2 q 

wheeled, with one pair of driving wheels, j " 3 

Do. do. do. unusually heavy, 24 to 27 

Broad gauge passenger locomotive, eight- | 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, ) 

Goods locomotive, from four to six wheels, \ . 

coupled, J 7 3 

Weights of Tank Engines, carrying Fud and Water^ — 

Tons. 

For light traffic on branch lines, 12 to 20 

For heavy ti-affic on steep inclined planes, ) 0+6 
with from six to twelve wheels, j ^ 

Eule XIX. — ^To calculate the greatest tractive force (P^ of a 
locomotive engine ascending a given gradient Multiply the 
weight of the engine (E) by the sine of the inclination (i), and 
subtract the product from the adhesion. In symbols^ — 



'Q-') 



In order that an engine may be able to draw a given load, P must 
be not less than R, (Rule XVI.) That is to say, on the nding 
gradientf let E be the weight of the heaviest engine^ T that of the 
heaviest load drawn behind the engine; then 

(?-i)E=(/+i)T. 

Hence the following rules : — 

E^/+j 
Rule XX.— Given, q, i,f; then T q 

Rule XXL— Given, E, q, T,/; then i = ~7 -^^ 

E + T ' 

• Proper weight of rails, in lbs. to the yard = 15 x greatest load on a 
driving wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = from II to li foot 
of rail. 
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BuLE XXII. — To find the total work done by a locomotive 
engine in a given time; multiply the resistance of engine and train 
as carriages by the distance run, for the net work; then multiply 
by about 1^, to allow for resistance of mechanism of engine. In 
symbols^ let x be the distance run; then 

Total work =\^x {/z±z t) (E + T). 



Section IY. — Rules relating to Varying Speed. 

1. Oeacral Principicik— An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the force. Impulse is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momentum is the product of the 
mass of a body into its velocity in units of distance per second. 
The unit of mass is the mass of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-custs 
against the body giving the impulse, with an equal and opposite 
impulse. 

2, Acceleration and Retardation*— KuLE I. — To find what impulse 
is required to produce a given change in the velocity of a given 
mass; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

Rule IL — To find what energy must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the number 
of absolute units of force in the weight of an unit of mass, and 
multiply the quotient by half the mean velocity during the 
change; — or otherwise: multiply the weight of the mass by the 
change in the value of the half-square of its velocity, and divide by 
the number of absolute units of force in the weight of an unit 
of mass. 

Remark. — Absolute units of force in the weight of an unit of 
mass; in Biitish Measures (velocities being in feet per second), 
32-2 nearly; in French Measures (velocities being in metres per 
second), 9*809 nearly. (See page 104.^ This constant is denoted 
by g* and sometimes called ^^ gravity. 

* More exact formula for gr, 

5^ = fl'ia -0-00284 cos 2 X) (l - ^V 

in which gi = 32*1695 in British Measures, or 9*8051 in French Measures; 
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EuLE III. — To calculate the actual evvergy of a moving mass; 
multiply its weight by the half-square of its velocity, and divide 
by ^r. 

E.ULE TV. — To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity; divide by ^, and by the time in seconds. 

Case II. — If the dista/nce is given; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g, and by the distance. 

KuLE V. — To find the re-action of an accelerated or retarded 
body; find, by Rule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Kemare. — The momentum, energy, and re-action of a body of 
any figure undergoing translation s^e the same as if its whole 
mass were concentrated at its centre of gravity. 

3. Derlated motion and Centrifngal Force. — To make a body 

move in a curve, some other body must guide it by exerting on it 
a deviating force directed towai*ds the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite c&nJtflTifvjgal force. 

Rule VI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius; — or otherwise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and mvUiply by the radius : — ^the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g. 

Remark. — ^The reavltoM cerUmfugcd force of a rigid body of any 
shape is the same in amount and (Erection (though not the same 
in distribution) as if the whole mass were collected at its centre of 
gravity. 

Rule VII. — To find the heigkt of a revolving pendvlum which 

makes a given number of revolutions per second; divide ^^ by 
the square of the number of revolutions per second. (Approximate 
values of .^-g, being the height of the pendulum, which makes 

X, latitude of the place ; observing that when 2 X becomes obtuse, the term 
containing it is to be added insteaa of being subtracted; A, height above the 
level of the sea; and E, tho earth's radius = 20,900,000 feet, or 6,370,000 
metres, nearly. 
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one revolution p^r second; 0*815 foot = 9 7 8 inches = 0*248 
metre nearly.) 

N.B. — ^The hdgJU of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Roimtiiis BodiM— Fly-Wheeis.— As to the moment of inertia 
of a body turning about an axis, see pages 154 to 156. 

KuLE VIIL — To find the angvlcvr mofneniwm, of a rotating 
body ; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

KuLE IX. — To find the aAstwd energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by ^. 

EuLE X — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — If the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case II. — If the angular motion is given ; divide the change of 
actual energy by the angular motion in circular measure. 

Rule XL — Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of b. fly-wheel, such that the fluctuation 
of speed (or difierence between the greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fly-wheel, I its required moment 
of inertia; then 

m^ A E 

A = 9 — • 

a^ 

Ordinary values of m, from 30 to 60 nearly; of m ^, in British 
Measui*es, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, / P c/ a, in 
steam-engines of various kinds (Moriu). 

NoN-ExPANsrvE Engines. 

Length of connecting rod __ ^ 

Length of crank ~" 5 4 

AE-j-jPc?« = -105 -iiS -123 -132 
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Expansive Condensing Engines. 

Connectiiig rod = crank x 5. 

Fraction of stroke at) i i i i i t 

whicli steam is cutoff/ 345878 

AE-rjPci?« = -163 -173 -178 -184 -189 -191 

Expansive Non-Condbnsing Engines. 

Steam cot off at - - - - 

2 3 4*5 



E-r|P 



da — •160 '186 '209 ^232 



For donble cylinder expansive engines, the valae of the ratio 
^ E -r / "F d 8 may be taken as equal to that for single cylinder 

non-expansive engines. 

For tools tvorking at intervals, snch as pnuching, slotting, and 
plate-cutting machines, coining presses, &c., A E is nearly equal to 
the whole work peiformed at each operation. 

5. Palling Bodies.— The following rules apply to a body Mling 
without sensible resistance from the air : — 

KuLE XII. — To find the velocity acquired at the end of a given 
tiine; multiply the time by g. (See page 245.) 

BuLE XIII. — To find the height of fall in a given time; multiply 

the square of the time by - g. 

Rule XIV.-7T0 find the height of fall corresponding (or "due") 
to a given velocity ; divide the half-square of the velocity by g. 

Rule XV. — To find the velocity due to a given height; multiply 
the height by 2 g, and extract the square root (or, in British 
Measures, multiply the square root of the height in feet by S'O'lo 
for the velocity in feet per second ; or, in French Measures, mul- 
tiply the square root of the height in metres by 4-429 for the 
velocity in metres per second). 

Table of Heights due to Yelocities. 
ExplanaMon of Symbols, 

V = Velocity in feet per second. 
h = Height in feet = t?^ — 64*4. 

This table is exact for latitude 54*^1, and near enough to exact* 
ness for practical purposes in all parts of the earth's surlkce. 
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T 


•01553 


27 


11-320 


54 


45*280 


2 


•062 1 1 


28 


12174 


56 


48-695 


3 


•13975 


29 


13059 


58 


52235 


4 


•24845 


30 


13*975 


60 


55-901 


5 


•38820 


31 


14^922 


62 


59-688 


6 


•55901 


32 


15-901 


64 


63-602 


1 


•76087 


322 


i6ioo 


644 


64-400 


8 


•99379 


33 


16-910 


66 


67 -640 


9 


1-2578 


34 


17950 


68 


71-800 


lO 


1-5528 


35 


19-022 


70 


76-087 


II 


18789 


36 


20*124 


72 


80-496 


12 


2-2360 


37 


21257 


74 


85-029 


13 


2-6242 


38 


22-422 


76 


89-688 


14 


30435 


39 


23'6i8 


78 


94-472 


15 


34938 


40 


24-845 


80 


99*379 


i6 


39752 


41 


26-102 


82 


104-41 


17 


4-4876 


42 


27391 


84 


109-56 


i8 


5031 1 


43 


28-711 


86 


114-84 


19 


56056 


44 


30-062 


88 


120-25 


20 


6*2112 


45 


31*444 


90 


125-78 


21 


68478 


46 


32857 


92 


131-43 


22 


75155 


47 


34-301 


94 


137-20 


23 


82143 


48 


35*776 


96 


143-10 


24 


89441 


49 


37283 


98 


14913 


25 


9.7050 


50 


38820 


100 


155*28 


26 


IO-497 


52 


41-987 







6. BeilHced Inertia. — HuLE XYL — To reduce the inertia or 
mass of a machine to the driving point. Multiply the weight of 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products ; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion, that is required by the actual machine. 



Section Y. — Strength op Machinery. 

1. Shaiu. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean moment transmitted by 
the shaft, but to the greatest moment* 
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Rule XVII. — Given, the horse-power of the prime mover that 
drives a shaft^ and the number of revolutions per minute; to find 
the mean ttmsting moment: multiply the horse-power by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lbs.; which, multiplied by 12, will give 
inch-lbs. 

Rule XVIII. — In a shaft driven by steam-power, given, the 
mean twisting moment ; to find the greatest twisting m^oWjerU; 

If the shaft is driven by a single engine, multiply by i -6 

If by a pair of engines, with cranks at right angles, 
multiply by , i*i 

If by three engines, with cranks at angles of ^ 
revolution, multiply by 1*05 

2. R<Ni«. — Piston-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Rule XXIV.) 
Connecting-rods are to be treated as struts jointed at both ends. 
(See page .209, Rule XXIII.) 

3. Arm« and Teeth of Wheels. — RuLE XIX. — To find the 
greatest bending moment on an arm of a wheel; divide the greatest 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a wJ^ ; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness of teeth, see page 233. 



Section VI. — Muscular Power. 

1. Oenerai Principleik — Let P be the effort exerted by an 
animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity V during a day's work; so that P V T is 
equal, or proportional, to the work done per day. Let P^, Vj, T^, 
be the values of P, V, and T, corresponding to the greatest day's 
work of the animal, P^ V^ T^. Then for values of P, V, and T, 
not greatly deviating from Pj, Vp and T^, we have 

P V T , 
■Pi''Ti^Ti = ^^ 

so that when any five of those quantities are given, the sixth may 
be found. 
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Approximate Values of 
Pi V, T, 

Lbs. Ft per sea Miles per hoar. Seconds. Hoars. 

Z'dlghrh:^:}"'' 3-6 .^ nearly. .8,800 8 

High-bred horse, 64 7-2 5 „ 28,800 8 

Ox, 120 2*4 1*6 „ 28,800 8 

Mule, 60 3*6 2^ „ 28,800 8 

Asa, 30 3*6 2I „ 28,800 8 

2. Tables of Performaiice of Konea. — ^Explanation of Table L : — 
P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; P V, work per second, in foot-lbs.; 3,600 P V T, work per 
day, in foot-lbs. 

I. — Work op a Horse against a known Kesistance. 



Kind of Exertion. 



V 


T 


PV 


8,600 PVT 


143 


4 


4474 


6,444,000 


3-6 


8 


432 


12,^1^1,600 


i1 


8 
44 


300 
429 


8,640,000 
6,949,800 



1. Cantering and trotting, 

drawing a light raS- 
way carriage (thorough- 
bred), 

2. Horse drawing cart or 

boat, walking (draught 
horse), 

3. Horse driving a gin or 

mill, walking, 

4. Ditto, trotting, 



min. 224 
mean 304 
max. 50 



100 

66 



Explanation of Table II. : — L, net load drawn or carried hori- 
zontally, in lbs.; Y, velocity, feet per second; T, hours' work per 
day; L Y, lbs. conveyed horizontally one foot per second; 3,000 
L Y T, lbs. conveyed hoiizontally one foot i)er day. 



II. — Performance of a Horse in Transporting Loads 
Horizontally. 



Kind of Exertion. 


L 


V 


T 


LV 


8,600LVT 


5. Walking with cart, al- 
w^ava loaded... 


1,500 
750 

1,500 


3-6 
7-2 

2-0 

3-6 
7-2 


10 

44 

.10 

10 
7 


5.400 
5,400 

3.000 

972 
1,296 


194,400,000 
87,480,000 

108,000,000 

34,992.000 
32,659,200 


6 Trottinff ditto 


7. Walking with cart, go- 
ing loaded, returmng 
empty; V = 4, mean 
velocity, 


8. Carrying burden, wiJk- 

inor. 


9. Ditto, trottimr. 
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3. Tables •€ Wmrk of men.— Explanation of Table I. * — P, effort, 
lbs.; V, velocity, feet per second; T, horn's' work per day; P V, 
work, foot-lbs. per second; 3,600 P V T, work, foot-lbs. per day. 



I. — Work op a Man against Known Resistances. 



Kind of Exertion. 



1. Haising his own weight up 

stair or ladder, 

2. Hauling up weights with 

rope, and lowering the 
rope unloaded, 

3. Lifting weights by hand, 

4. Carrying weights up stairs, 

and returning unloaded,... 

5. Shovelling up earth to a 

height of 5 ft. 3 in., 

6. Wheeling earth in barrow up 

slope of 1 in 12, 4 horiz. 
veloc. 0*9 ft. per sec, and 
returning unloaded, 

7. Pushing or pulling horizon- 

tally (capstan or oar), 

8. Turning a crank or winch,... 



9. Working pump, . 
10. Hammering, 



p 


V 


T 


PV 


8,600 P V T 


143 


0-5 


8 


72*5 


2,088,000 


40 
44 


075 
0-55 


6 
6 


30 
242 


648,000 
522,720 


143 


013 


6 


185 


399,600 


6 


1*3 


10 


7-8 


280,800 


132 


0-075 


10 


9.9 


356,400 


26-5 

]i8o 
(20-0 

13*2 

15 


2-0 

50 
25 

14-4 


8 

8 
2mins. 
10 
8? 


s 

33 
? 


1,526,400 

1,296,000 

1,188,000 
480,000 



Explanation of Table II. : — L, load conveyed horizontally, lbs. ; 
Y, velocity, feet per second; T, hours* work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Peepoemance of a Man in Tbanspobting Loads 
Horizontally. 



Kind of Exertion. 


L 


V 


T 


LV 


3,600LVT 


11. Walking unloaded, transport 
of own weight, 


140 

224 

132 

90 

140 
(252 
< 126 
( 


5 

•i 



117 

231 


10 

10 
10 

7 
6 

.*• 
••• 


700 

373 
220 
225 

223 



14742 



25,200,000 

13,428,000 
7,920,000 
5,670,000 

5,032,800 


12. Wheeling load in 2-wheeled 

barrow: returning unloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

unloaded, .t..ttT.tt.r«..T..t.t. 


16. Carrying burden for 30 se- 
conds onlv - 
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in. — ^Dat's Work op a Man required for various 
Operations, 

Shovelling earth, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, from '05 to '0625 

Ditto, wet mud, „ '06 to 'oS 

Excavating earth with the pick^ one cubic 

yard, „ -025 to -2 

Wheeling one cubic yard of eai*th in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, „ '05 to '0625 

Spreading and ramming earth in layers from 9 

to 18 inches deep, one cubic yard, „ '06 to '07 

Dressing slopes of cuttings, one square yard,.... about '008 

Soiling slopes, 6 inches thick, one square yard, „ -008 

Making clay puddle, one cubic yard, „ '3 

Spreading do., do., „ '3 

Quarrying rock of moderate hardness with 

wedges, average „ -4 

Quarrying rock of moderate hardness by blast- 
ing* .^...average ,„ -45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from i-o to -5 

Do. do. do., limestone, „ '2 to -15 

Driving mines in rock ; dimensions from 3^ feet 
X 3 J feet to 3^ feet x 5 feet; one foot for- 
ward, „ 2-0 to 5*0 

Quarrying rock in tunnels, one cubic yard, „ '75 to 3 o 

Making one thousand bricks. { ^^ ^^ 

Mixing mortar by hand, one cubic yard, 75 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

Loading barrows with stone, one cubic yard,... '06 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

Unloading barrows of stone, one cubic yard,. ... -03 

* Weight of rock loosened -7- weight of powder exploded =iii small blasts 
from 7,000 to 14,000; average 10,000 : in great blasts from 4,500 to 13,000 ; 
average between 6,000 and 7,000. One lb. of blasting powder fills about 
30 ciu)ic inches = 38 cylindrical inches. If gun-cotton be used instead 
of powder, allow one-sixth of the weight and one-half of the space. 
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Stone Masonry; Breaking ..Qutting «nff/«T,ir Laboorers' 

one cubic yard. Stone. Stona ^ouomft Work. 

Dry stone, * '64 — I'oo -50 

Coursed rubble, '64 — '90 '90 

Block-in-course, '90 i'5 '90 '90 

Do. arching, '90 225 '90 -90 

Ashlar (soft ( from i -So 2-50 i -oo 1 -oo 

sandstone),.... ( to... 2*50 6*00 2*00 2-00 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, granite = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot — 
stroked, '05; droved, '07; polished, •!. 

Curved facing = flat x ( 1 + — j-. — |— — - ) . 
° \ radius m feet/ 

Taking down old masonry, one cubic yard, from '5 to '6. 

Bricklayer. Labourer. 3^ti^«^ 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

( various ; 
„ arching and other curved work, *9 '9 ^depending 

( on centering. 
„ in tunnels, about double of similar brickwork above 

ground 

Bncklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, per inch diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, from '0045 ^ '005 

Ash, elm, beech, mahogany, „ '0065 to '007 

Oak, „ '0075 to -009 

Teak, -ox 

Shaping timber; pine- woods; one cubic 

foot, from '04 to '135 

Planing pine woods, per square foot, -013 

Boring hole | diameter, one lineal foot, in 

pine-woods, '02 

Do. do., in hard leaf-woods, -03 

* Supply of air should be at the rate of 30 cubic feet per man per minuta 
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Carpenter. Labodrer. 

Erecting centres for arches; per 100 f from 1*55 '75 

square feet area of soffit, (to... 170 '80 

Men*8 timei Boys* tima 
Rivettins iron ships: from 100 to 140 ) n . 

rivets,?. ..! r 3° from ro to 20 

Making plank roads; breadth planked,) 

8 feet; total breadth, 16 feet; 1 lineal > 10 

foot, j 
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PAET VIII. 

HYDRAULICa 
Section I. — Rules relating to the Flow op Water. 

1. Head of Water.— RuLE I. — To find the head of a particle of 
water; add together the head of devotion, or height of the particle 
above some fixed or "datum" level, and the limd of pressure, or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water, (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, their difference is called vacuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-lOOth part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Toliime and Telocity of Flow. — RuLE II. — To find the VoluTHe 

of flow of a stream; midtiply the mean velocity by the sectional 
area. 

Rule III. — ^To find the mean velocity of flow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10*28 feet per socond' 

The least vdocity, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5 ; in very slow 
currents, as 2 : 3 t 4. 

In what follows, volume of flow in cubic feet per second will be 
denoted by Q; the m^an velocity of a stream in feet per second 
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by f>; and the iecUanal area in square feet by A; so that Q s= 
V A. 

3. RclaUmi Wtweoi Head and Tel«cit|r.— EULE Y. — Theoretical 

head, h, due to a given velocity, v ; 

*"2^=6l4- (See Table, page 249.) 
Bulb VL — Theoretical velocity, v, due to a given head, h; 
V = S025 Jk 

ItuLE VII. — To find the loss of head, A, due to a given gam 
of vdocity in a stream; let the velocity of a/pproach (or original 
velocity, at the point where the greater head is) be the fraction, n, 
of the velocity ofdischan-ge; let v be the velocity of discharge; and 
let F be tkfa^stor of reeHstamce (as to which, see next Article); then 

* = (i + ^-«')&- 

Rule VIII. — ^To find the velocity of discharge due to a given 
loss of head; 



. = 8^25 y^ (r^— .). 



Hemabk. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. When those areas 
are equal, as in an wniform channel or an uniform pipe, 1 — w* = ; 
and then the formulse become 



* = lil « = 8-025 



Vf- 



4. Factors •€ Be«totance.--Values of F in Rules VII. and VIII. 
(1.) Friction of an orifice in a thin plate — 

F = 0054. 

(2.) Friction of mouthpieces, or entrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicidar to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle ^ with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin B + 0-226 sin2 $. 

For a mouthpiece of the form of the "contracted vein" — ^that is. 
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one somewhat bell-sbaped — and so proportioned that if c? be its 
diameter on leaving the reservoir, then at a distance (1-^2 from 
the side of the reservoir it contracts to the diameter -7854 d, — the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at sudden enla/rgemerUa, — Let A^ be the sectional 
area of a channel, in which a sluice, or slide valve, or some sach 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enlargement to the area A2. Let v in the formulae of 
Rules VII. and VIII. stand for the velocity in the second enlarged 
pai*t of the channel, so that Q = A^u Let 

„ = ^^^ (2.618- 1.618 g). 

Then 

F = (n - 1)2 

(4.) Friction in pipes cmd conduits, — Let A be the sectional area 
of a channel ; 6, its border — that is, the length of that part of its 
girth which is in contact with the water; Z, the length of the 
channel, so that Z 6 is the frictional surface; and for brevity's sake 
let A — 6 = m; then, for the friction between the water and the 
sides of the channel, 

in which the co-efficient /has the following values: — 

0-0043 



For iron pipes (not pitch-lined)*.../ = 0*0036 
For open conduits, /= 0*00741 + 



VtT- 
0*000227 



The quantity w = A -f- 5 is called the "hydraidic mean deptii* 
of channel, and for cylindrical and square pipes running full is om- 
fowrth of the diameter. 

Rule IX. — To find the declivity (i) in an uniform channel of a 
given hydraulic mean depth (m); 

. A / ^2 

I m 2 g 

In an open channel this is an actual slope of the surface of the 
water. In a close pipe it may be a virtiuU declivity , due wholly or 
partly to diminution of pressure. 

* In iron pipes lined with smooth pitch the co-efficient of Mction is about 
one-sixth part less than in unlined pipes. 



LOSS OP HEAD — COKTRACTION OP STREAM. 

For bends in circular jnpes, let d be the diameter of the 
e, the radius of curvature of its centre line at the bend; $, the- 
through which it is bent; x, two right angles; then 



For bends in rectangvlar pipes, 



I For knees, or sharp turns in pipes, let 6 be the angle made 
B two portions of the pipe at the knee; then 

F = 0-946 sin2 | + 205 sin* ^. 

LE X. Summary of losses of head, — When several successive 
J of resistance occur in the course of one stream, the losses of 
arising from them are to be added together; and this process 
)e extended to cases in which the velocity varies in different 
of the channel, in the following manner : — 
; the final velocity, at the cross-section where the loss of head 
Hired, be denoted by v, 

. the mtios borne to that velocity by the velocities in 
parts of the channel be known; ??q v being the "velocity of 
ach," Tij V the velocity in the first division of the channel, 
a the second, and so on ; and let F, be the sum of all the 
3 of resistance for the first division, Fg for the second, and so 
aen the loss of head will be 



V 



.?2 



h = ^^^^ {I - nl+ Fj nl + F^nl + &c.) 

:;oiitniccion of Stream — Co-efflcien(« of Discharge. — RULE XI. — 
d the effective area of an outlet ; multiply the total area by a 
>n called the co-efficient of contraction. 
' uniform streams there is no contraction, and the co-efficient 

AARE. — Sometimes it is impossible to distinguish between 
Sect of friction in diminishing the velocity (expressed by 
y 1 4- F), and that of contraction in diminishing the area of 
ream. In such cases the ratio in which the actual discharge 
I than the product of the theoretical velocity and the total 
f the orifice is called the co-efficient of efflux or of discharge. 
I quantities given in the following statements and tables are 
Df them real co-efficients of contraction^ and some co-efficients 
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of discharge. In hydraulic formulae such co-efficients are usuallj 
denoted by the symbol c. 

Q^ Sharp-edged circuUir ortficea in flat piates; c = '618. 

(2.) Sha/rp-edged rectaiigulaJr orifices in vertical flxii plates. — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head, measured from 
the centi'e of the orifice to the levid of still tvater, 

Q = 8-025 c A n/X. 
Co-efficients of Dischaboe for Eectanoular Orifices. 



Head. 




Height of Orifloe -i- 


Braadtb. 






-T- 


I 


05 


025 


0-I5 


o-i 


0-05 


Breadtb. 














005 


... 


... 


... 


• •• 


... 


•709 


C'lO 


• •• 


... 


.•• 


... 


•660 


•698 


015 


••• 


• .• 


... 


•638 


■660 


•691 


0-20 


... 


• •• 


•6X2 


•640 


•659 


•685 


025 


... 


... 


•617 


•640 


•659 


•682 


030 


... 


•590 


•622 


•640 


•658 


•678 


040 


... 


•600 


•626 


•639 


•657 


•671 


050 


••• 


•605 


•628 


•638 


•655 


•667 


o-6o 


•572 


•609 


•630 


•637 


•654 


•664 


075 


•585 


•611 


•631 


•635 


•653 


•660 


I 00 


•592 


•613 


•634 


•634 


•650 


•655 


1-50 


'59^ 


'616 


•632 


•632 


•64s 


•650 


2 'GO 


•600 


•617 


•631 


•631 


•642 


647 


250 


•602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


•616 


•629 


•629 


•637 


•638 


4-00 


•605 


•615 


•627 


•627 


•632 


•627 


600 


•604 


•613 


•623 


•623 


•625 


•621 


8'oo 


•602 


•611 


•619 


•619 


•618 


•616 


I coo 


•601 


•607 


•613 


•613 


•613 


•613 


1500 


•601 


•603 


•606 


•607 


•608 


•609 



(3.) Sha/rp-edged rectangvlar notches in flat vertical weir hoards, 
— The area of the orifice is measured up to the level of still vxUer 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 



c = -57 + 
provided h is not less than B -$- 4. 



10 B' 
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(i.) Sharp-edged triangular or Y-shaped notches in fiat vertieal 
vmr boards (from experimenta hj Profeaaor James Thomafm), — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = -595; 
Breadth of notch = depth X 4; c = *620. 

(5.) PartiaUff^onfy^aeted sharp-edged orifice. — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to tiie bonier of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

n, the fraction of the edge of the orifice which coincides with 

the border of the channel; 
</, the modified co-efficient; then 

c' = c+ -09 11. 

(6.) Flat or round-topped loeir, area measored np to the level of 
still water — 

« = '5 nearly. 

(7.) Sluice in a redangulcvr charmd — 

vertical; c = •07; 

Inclined backwards to the horizon at 60°; c = 0*74; 

at 45°; c = 08. 

(8.) Incomplete contraction, — Let A be the area of a pipe partiaUy 
closed by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

•618 



e = 



V(,-..8j1) 



6. DlMhmve Urmm Ufarfcc* mmd ffmuhem, — ^Let h be the breadth of 
the orifice ; Ag, the depth of its upper edge, and h^, that of its lower 
edge, below the level of still water in the pond ; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second 

Rule XIL — Eectangular orifice — 

Q = 8025 <j X 1 6 (a^* — Ao*) = ^'35 c h (h^^ — v). 

BuLE XIII. — Rectangular notd^ with a sUU pond; Aq = 0; 
measured from the lower edge of the notch to the level of 
water. 

Q = 8-025 c X |6Ai* = 5-35 cbh^* = (s 05 + -535 g) b h*. 
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Table op Values op c and 5 35 c, 

g, 1*0 09 Q-8 07 06 0-5 0-4 0-3 025 

Cj '6 J '66 '65 '64 '63 '62 '61 '6o '595 

5*35 c, 358 3*53 348 342 3*37 3'32 326 3-21 318 

The cube of the square root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes: look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes, will be an approximate value 
of^.^^ . 

Rule XIV. — Rectkmgular notch, with current a/pproaching it. — 
When still water cannot be found, to measure the head A^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity of approach: compute the height 
.due ta that velocity as follows: — 

hQ=. vl H- G4-4; 
then, 

Q = 5-35 c h {(^1 + ^o)' — K'\ • 

Rule XV. — Triangular or Y-shaped notch, with a still pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the half-breadth of the notch at any 
igiven level to the height above the apex, so that, for example, at 
;the level of still water, the whole breadth of the notch is 2 a 7*^; 

Q = 8-025 c X ^ a V = 4-28 c a h^i; 

and adopting the values of c already given, we have, 

for ti = 1, Q = 2-54 h^i; for a = 2, Q = 5S hji. 

For squares and fifth powers, see page 32. 

Rule XVI. — Drowned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of Btill water in those two spaces is the head to be used 
in computing the flow. 

Rule XVII. — Drowned rectamgvla/r notch. — Let h^ and h^ be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively; 

Q = 5-35 c 5 (^, + 1^ V^ (Aj - A2). 
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KuLB XVIII. — For tcfeirs with broad JlaJt crests, drowned or uu- 
drowned, the formulae are the same as for rectangular notches, 
except that the co-efficient c is ahont '5, 

Rule XIX. — CompiUcUion of the dimensions of orifices. — Most 
of the preceding formulae can be used in an inverse form, in ^rder 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Eule XII. is applicable, the breadth of the 
orifice is given as follows : — 

5 = Q 4- 5-35 c (Ai* — 7*0*). 

If Eule XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation^ 

Ai= {Q^5'Z5cb}i. 

If Eule XV. is applicable, . 

^1= {Q-r^'28ca}l 

^ 1i Diacharse •€ Water-Pipea.— EuLE XX. — To find the loss of 
head, h, in a length, Z, of a pipe of the uniform diameter, d (all 
dimensions in feet); 

Eule XXI. — To compute tlie disdiarge of a given pipe; the data 
being h, l, and d, all in feet. 

Assume an approximate value for 4 /. The value commonly- 
assumed in the first instance is *02Sd. This gives, as a Jirst 
approximation to the velocity. 



: 8-025 A / ^^ = 50 \/^lA; 



or, a mean proportional hetioeen the diameter and tlie loss of head in 
2,500 feet of length. With this velocity calculate a new value of 
4 /, which is to be used in computing a second approximation to the 
velocity, by means of the formula, 

V if I' 

and this is in almost every case near enough to the truth for 
pr^tical purposes. Then the discharge is given by the formula, 

Q=-7854v£^. 
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RULK XXII. — To find {in feet) the diameter d of a pipe, 9o tJuU U 
skaU ddiver Q cubic feet of water per second, toith a loss of head at 
the rate of h feet in each length of \ feet. 

Compute a first approximation to Hie diarMkr by the following 
formula:— 



* = 0.3 ('«•)■•, 



also ^ifi/r^ approximcUion to the velocity by the foi*miilay 

»^ = Q ^ -7854 ^. 

Fi'om these data, by means of Eule XX., compute an approxi- 
mate loss of head, h'. If this agrees exactly or very nearly with the 
given loss of head, h, the first approximation to the diameter is 
sufficient ; if not, a corrected diameter is to be found by the follow- 
ing formula : — 

In the preceding formula the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let h" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

1+ -- • 1 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the resei-voir, viz. :^ 

(1 + F) «* -f- 64-4 ; F being the factor of friction of the mouthpiece. 

The preceding rules ai*e for clean iron pipes. In pipes coated 
with smooth pitch the friction is about one-siosth part less. To 
allow for incrustation, add one inch to the diameter of all pipes. 

8. Dtocharge wmd DimcMsi^ns of ChaMnels.— RULE XXIII. — To 

find the declivity, i, of the upper surface of the water in a channel 
of the hydi*aulic mean depth m; 



. h f v^ /^AT>ii _r •000227\ 
I m 64-4 \ V / 



«2 



64-4 



Rule XXIY. — To compute the discharge of a given stream, the 
data being t, m, and the sectional area A. Assume an approxunata 
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value for the oo-efficient of friction, such as/' = '007565; then 
the first appraximaUon to the velocity is 



v- = 8-025y^^g^ = ^8512»«. = 9226 Vi"^; 

or, a mean propartianal between the hydrauLxc mean depth amd ike 
faU in 8,512 fe6t. A fir^ approximation to the discharge is 
g^t/A. 

These first approximations are in manj cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expi-ession in brackets in Rule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and dischaige by midtipljdng each of them 

bythefector,?-:-^. 

XtuLE XXY. — To determine the dimensions of an uniform channel 
which shall discha/rge Q cubic fe^ ofvxUerper swond wiOt, the dediviiy 
i Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the proportion A -r- m^ 
of the sectional area to the square of the hydraulic mean depth, 
which will be known although those areas are still unknown ; let 
it be denoted by n. 

Compute first c^)proximations to the hydraulic mean depth and 
velocity as follows : — 



m' 



( Q^ V ^ _ _Q_. 

\8,512n2t/ y nm'^' 



from these data, by means of Bule XXIII., compute an approxi- 
mate declivity, i'. If this agrees exactly or very nearly with the 
given declivity, «, the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydraidic mean depth is to be 
found by the following formula : — 



'=""«+/<)■ 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell and Backwater Prodneedi bj a Weir* — When a weir or 
dam is erected acix>ss a river, to calculate the height, h^, in feet, at 
which the water in the pond, close behind the weir, will stand 
above its crest; Q being the discharge in cubic feet per second^ and 
b the breadth of the weir in feet; 
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BuLE XXVI. — W^ipnot drottmed, with a flat or slightly roundecl 

crest — 

:>2> 



^^1 = (7^52)*, nearly. . 



Rule XXVII. — Weir drovmed, — Let h^ be the height of the 
T7ater in front of the weir above its crest. 

First approximation; h\ = ^g + (7~a2) • 

Second approximation; h"-^ ■=zh\ — Ag ( 1 — 7 fr-^ -r )• 

Rule XXVIII. — In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its surface before being 
altered by the weir. 

Let \ be the natural depth of the stream, before the erection of 
the weir. 

Let ^^ be the depth as altered, close behind the weir. 

Let ^2 be any other depth in the backwater^ or altered part of the 
stream. 

It is required to find x, the distance from the weir in a direction 
up the stream at which the altered depth ^2 will be found. 

Denote the ratio in which the depth is altered at any point by 
J-T- Jq = r; and let ^ denote the following function of that ratio:— 

1 ^ 2r+r 1 11 

+ -^garc. tan: -^ = ^ + ^ + ^, nearly. 

Compute the values, ^^ and ^^^ of this function, corresponding to 
the ratios r^ z=z\-^\ and rg = Jg "^ V Then 

The following table gives some values of ^ : — 



r ^ 

I'O 00 

I'l 680 

1-2 '480 

1*3 376 

M '304 

1*5 255 

1-6 -218 

n -189 



r (p 

18 ..., -166 

1*9 "" 147 

20 •132 

2-2 '107 

24 -089 

2-6 -076 

2-8 -065 

30 -056 
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10. Tilae of Emptying a Kenerroir. — RuLE XXIX. — Let Q be 

the rate of discharge at the outlet, supposing the reservoir kept 
constaBtly full, W, the whole volume of water in it Then 

Time in Seconds = 

2 W 
Por a vertical-sided reservoir of uniform depth, -j^ 

For a wedge-shaped reservoir (triangular vertical ) 4 W 
sections; maximum depth of the sections uniform), J 3 q 

For a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet), j 5~q" 

KULE XXX. — To find the time required to eqiuilize the toater- 
leod in two adjoining basins with vertical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. Cascade from a Weir-Crest.— RuLE XXXI. — To find the 
horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest; take 
once-and-a-third of a mean proportional between that fall and the 
height from the weir-crest to still water in the pond. 

12. JBain-Fall. 



Inches 


Cubic feet 


Gallons 


Cubic feet 


Gallons 


Tnches 


Depth of 
Bain-faU. 


on 


on 


on a 


on a 


Depth of 
Kafn-faU. 


an acre. 


an acre. 


square mile. 


square mile 


I 


3,630 


22,635 


2,323,200 


14,486,314 


1 


2 


7,260 


45,270 


4,646,400 


28,972,627 


2 


3 


10,890 


67,905 


6,969,600 


43,458,941 


3 


4 


14,520 


90,539 


9,292,800 


57,945,254 


4 


5 


18,150 


113,174 


11,616,000 


72,431,568 


5 


6 


21,780 


135,809 


13,939,200 


86,917,882 


6 


7 


25,410 


158,444 


16,262,400 


101,404,195 


7 


8 


29,040 


181,079 


18,585,600 


115,890,509 


8 


9 


32,670 


203,714 


20,908,800 


130,376,822 


9 


10 


36,300 


226,349 


23,232,000 


144,863,136 


10 



For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain per annum on am, acre is roughly equivalent to 
ten Guhicfeet per day. 

An inch of rain per annum on a squa/re mile is roughly equi- 
valent to forty thousand gallons per day. 

Annual depth of rain-fall in difierent countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Ratio of available to total rain-fall on gathering-grounds; steep 
impervious rock, from 10 to OS; moorland and hilly pasture, from 
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'8 to *6; cultivated land, from '5 to '4:, and sometimes less; 
chalk, 0. 

Greatest depths of rain in short periods: one hour, 1 inch; four 
hours, 2 inches; twentj-four hours, 5 inches. 

13. siabiiitj of Bed of straan.— Greatest velocities of ike ctMrerU 
dose to the bed, consistent with the stability of various materials : — 

Soft clay, 0-25 foot per second. 

Fine sand, * o'5o „ „ 

Coarse sand, and gravel as large as peas, 0*70 „ „ 

Gravel as large as French beans, i 'oo „ „ 

Gravel 1 inch in diameter, 2*25 feet per second 

Pebbles I J inch diameter, 333 „ „ 

Heavy shingle, 400 „ „ 

Soft rock, brick, earthen wai'e, 4 '50 „ „ 

Rock, yarious kinds, { f;;S*up;arda " 

14. Streagth of Water-PipM.— EULE XXXII. — To find the 200^ 
proper thickness of metal ibr a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of uxUer (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient : secondly ; take a mean proportional between 
the internal diameter and oneforty-eigkbhofaniiMh: ihe greater 
of those two quantities will be the required thickness. 

Rule XXXIII. — To find the greatest loorking pressure^ in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to the foot, see pages 149 and 153. 

Rule XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton; multiply the difierence of the squares of the 
outside and inside diameters by -00108. 

A f (meet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight o^^ ^^^^ 

15. Demand for Water In Towns. per day. 

Used for domestic purposes (liberal supply) , 15 

Washing streets, extinguishing fires, supplying foun- 
tains &c., 3 

Trade and manufactures, c 7 

Total usefully consumed, * 25 

Waste, under careful regulation, 2J 

Total, under careful regulation, 27^ 

Additional waste, in some cases, 224 

Total in some cases, 5Q_ 
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Greatest hourly demand = from 2 to 2J^ x average hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II. — Rules RELATmo to Hydraulic Prime Movers. 

1. OcBcnii Raica.— Rule I. — To calculate the total or gross 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Remark. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

Rule II. — To estimate the net or effective power of a fall of water; 
multiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0*65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0*8. 

Rule IIL — The vdodty q) greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 4 to 0*6 (or on an average 
one-half) of the velocity of the feed- water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases I. and II. the surface-velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
outlets to be that due to the whole head. 

Remark. — If the whole head is used to impel the feed- water (as 
in wheels which act wholly by impulse), Case I. of Rule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given, Case I. 
determines how much of the head is to be used in giving velocity to 
the feed- water — viz., the head due to from 2^ to 1|, or an average. 
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to dovhle of the mean speed of the wheel. For relations between 
head and velocity, see page 249. ■{ 

2. Orerahotand Breactt Wheel*.— EULE lY. — Diameter o/overshot 

wheel = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed-water, 
12 feet per second; head for that velocity, about 2*25 feet. 

A breast wheel may be made of any greater diameter. 

KuLE V, — To find the dea/r breadth (l) between the crowns (or 
flat rims of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; u, the 
surface velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; 6, the depth of shrouding ( = from 1 to 1*75 
foot) ; (all measurements in feet). The buckets are supposed to 
run two-thirds full. Then, 

3Q 



U -^ ^ - 



E.ULE VI. — Other dimensions of buohets. Distance between 
their bottoms, measured on the sole (or inner circumference) = 6. 
Opening between lip of bucket and front of the next bucket above 
— when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0® and 24°, ^; for steeper 

slopes, o X sin. slope. 

KuLE VII. — To find the best positions for the guide-blades^ 
between which the water flows on to the wheel. 

In i^g, 103 let A B be a section of a bucket, B its lip. Draw 
/jB the straight line B D H a tangent to the cir- 
cumference of the wheel ; and make B D = w, 
the surface velocity; and B H = 2 w. Draw 
D L parallel to a tangent to the lip of the 
bucket; draw HC pei'pendicular to BH, 
cutting D L in C ; join B C. 

Then B represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
top water level in the penstock due to that 
velocity. 

Also, ^^ H B C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 




Fig. 108. 
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it, in order that tbe water may glide into the bucket without 
collision. The co-efficierU of contraction for brifices between guide- 
blades is about c = 0*75; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

2 Q 
formula, A = ■= — ; and this is to be provided by having a 

sufficient number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found as 
follows : — 

Take the depth of the narrowest part of each outlet below the 
topwater level of the penstock; compute the velocity due to that 
depth ; from B lay off distances, such as B K, B L, representing 
those velocities,, so as to find a series of points, such as K, L, in the 
line D C L; then will .^HBK, .^crrrHBL, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 
of outlets where the velocities are B K, B L; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 0*7, should be computed by the for- 

/ Q \9 

mula h' = ( ; 1 ; and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Vnderahot Wheels (Poacelets*)^— BULE YUL — {Umol dimerir 
dons of whed and sluice.) 
Diameter = fall x 2, nearly. 
(The fcdl is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet.) Depth of shrouding 
= i fall. Greatest depth of 
opening of sluice = | fall. 
To calculate breadth (5) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; A, the fall 

5 Q 
in feet ; then 6 = ^, ,. 




Fig. 104. 



Rule IX.— To design the wheel-race. In fig. 104 draw H F G a 
tangent to the wheel, with a declivity of one in ten. 
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At the height jt. above H F G, draw K L to represent the 

upper surface of the stream, meeting the circumference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, equal to G L, and 
of the same radius; that is, the outside radius of the wheel. 

From G to E the wheel-race is formed so as to clear the wheel 
by about 0*4 inch. 

BuLE X. — To design ^aejlaats: — 

In fig. 105 draw B C to represent the direction and velocity of 
the stream of feed-water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and fi-om C let fall ON 
perpendicular to B N. Make B D 

= ^ of B N, and join C D. This 

line will be parallel to a tangent to 

the lip E of the float The rest of 

Ffg. 105. *^© fl^^t ™^y ^ made of the figure 

of a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a suificient 

number. 

The efficiency of this wheel is about -6 when not drowned, and 
'48 when drowned. 

4. 1Jnder»hot Wheel !■ an Open Cnrrent.— Wheels of this clasS 
have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

EuLE XL — The following is the useful work per second of 
such a wheel; v being the velocity of the current; u, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water : — 

Rt. = 0-8^^^(^"-^>^. 
9 

The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
is 0-4. 

5. Tnrbinee. — ^BuLE XIL — For the vdocUy of the feed-vxUer; 
in impulse turbines take the velocity produced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

Rule XIIL — To find the proper obliquity of the guide-blades to 
the receiviog surface of the wheel; divide the volume of feed- 
water per second by the area of the receiving surface of the wheel 
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(diminislied by ^ for contraction), and by the velocity of feed; the 
quotient will be the sine of the required angle. 

Rule XIV. — To find the proper obliquity of the jioaJtB to the 
receiving surface of the wheel; in impidse turbines proceed as in 
Hule X., page 272; in preasu/re turbines make the receiving ends 
of the floats perpendicular to the receiving surface of the wheel. 

B.XJLE XV.-— (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
wheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats; in pressure turbines take the tan- 
cent of the obliquity of the guide-blades. Multiply the tangent so 
found by the ludius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Re-action inteeis^—BuLE XYI. — ^To find the proper total 
area of orifices for a re-action wheel ; divide the volume of water 
per second by the velocity due to twice the head. 

7. H7di»niic Bam.— The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a poiiion of the 
water is to be raised; 

H, the height of topwater in the pond above the outlet of the 
waste clack; -. c_ 

L, the length of the supply pipe from the 
pond to the waste clack; 

D, its diameter; then 

H=A;L = 2-8H = 0UA;D = f^ = 4. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

^ = |, nearly. 



Fig. 106. 



8. nrtadmillfl.~Smeaton's proportions for sails. (See fig. 106.) 

AB = iAC;BC = |AC; BD = CE = iAC; CF=^AC. 

Angles (^weaJ^h&r^ or obliqtdties of the sail to the plane of rota- 
tion, at different distances fix)m the axis of the wind-shaft; 
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Distance in sixths of A £,... i 2 3 4 5 6 

(fii-st bar) (tip) 

Angle of weather, 18° 19° 18'' 16° i2°i f. 

Best speed for tips of sails, 2*6 x speed of wind. 

Effective power , in foot-lbs. per second = 0*00034 Av'; where 
A = area of circle swept by sails, in square feet, and v = velocity 
of wind, in feet per second. 

Section III. — Eules relating to Propulsion op Vessels. 

1. BeiitstaDce of Te«»eii».~For relations between speed in feet 
per second and speed in knots, see pages 102, 114. 

Rule I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the after-body^ necessary, in order that 
the resistance may not increase faster than the square of the 
speed ; take three-eighths of the square of the speed in knots for the 
length in feet (Scott EusselFs Rule). 

To fulfil the same condition, the fore-body should not be shorter 
than the length for the after-body given by the preceding rule, and 
may with advantage be 1^ times as long. 

Rule II. — To find the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 
length. 

Rule III. — ^When the speed does not exceed the limit given by 
Rule IL, to find the probable resistance in lbs.; measure the 
mean immersed girth of the ship on her body plan ; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the augmented surface. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-efficient; the product will be the probable resistance 
in lbs. (See also page 303). 

Co-efficient for clean painted iron vessels, -Ol ; 

„ for clean coppered vessels, '009 to -008; 

„ for moderately rough iron vessels, 'Oil and upwards. 

Rule III. a. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges £com '8 to 1*5 of that given by the preceding calcula- 
tion. 

Rule IV. — To estimate the net or effective horse-ptywer expended 
in propelling the vessel; multiply the resistance by the speed in 
knots, and (Svide the product by 326. 
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BuLE IV. A. — ^To estimate the gross or indicated Iwrse-power re- 
quired; divide the same product by 326, and by the combined 
efficiency of engine and propeller. In Ordinary cases that efl&ciency 
is from '6 to 'Q25 — average, say -613; therefore in such cases the 
preceding product is to be divided by 200. 

2. Thrust of Propellers.— Rule Y. — To calculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, rdativdy 
to the ship, in knots; the real slip, or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
constant 5 66 for sea- water, or 5*5 for fresh water. 

Rule YI. — Given, the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream from the screw, for use in Rule Y. 

Multiply the first product by 1 — -4 r. , (This is a good 

^ "^ ^ *^ circumference ^ ° 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

Remark. — The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 
outer radius of wheel \ 
.height of axis above water^' ^' 

3. moment of Sail.— The centre of buoyancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule YII. — To find the height of a ship's metacentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-breadths at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its basa Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre of bitoyancy; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the metacentric 
height. 

Rule YIII. — To find the moment of sail that a ship can bear; 
multiply together the metacentric height in feet, the displace- 
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meut in tons, the factor 2240 (to reduce the tons to pounds), and 
the sine of the intended angle of steady hed; the product will be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships, "OT; 
schooners and cutters for trade or war, '105; yachts, '157. 

Rule IX. — To calculate the moment of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effort of the 
sails above the centre oflateraZ resistance of the vessel. 

Remarks. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule YIII. and Rule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The cerUre of la/teral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 



The equivalent triangle has for its hose a line which usually ex- 
tends horizontally from the dew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the ta^ of 
the jib; — and for its height, three times the height of the centre of 
effort above its base (called the base of sail). 

Rule IX. a. — Given, the moment of sail, M, as found by Rule 
YIII., and the base of sail, b ; to find the height, z^ of the centre 
of effort above the base of sail; also the area of sail. Let h be the 
height of the base of sail above the centre of lateral resistance; 

then z = \/ 1 3 -T" + J J — o> ^^^ ^^ = l^zb. 

Examples of length of base of sail -f- length of vessel on load 
water-line. Fore and aft rigged vessels, 1*9 to 1*6; square rigged 
vessels, 1*6 to 1-35; full-powered steamers, 1-0 to 0*5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 

1 _ (velocity of wind in knots)^ 
nearly - jgg . 

(See Shipbuilding, Theoretical and Practical, by Watts, Eankine, 
Napier, and Barnes.) 
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PAET IX. 

HEAT AND THE STEAM ENGINE 

secnok i. — eltles relatino to the mechanical actiok of 
Heat, especially through Steam. 

1. ThentodyBABiics.— As to measures of temperature, and of 
quantities of heat, see pages 105, 106. 

BuLE L — ^To find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

BuLE II. — To convert quantities of heat into equivaleifU quantities 
of work: — 

Multiply by 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs., ^ ^39° > 

French units into kilogrammetres, 424; 

British units of evaporation into foot-lbs., 745)8oo; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical equivalent 
qfJieat, often called "Joule's Equivalent," and denoted by J. 

BuLE III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105): — 

In Fahrenheit's degrees, add 461^-2 

In Centigrade degrees, „ 274*0 

In B^aumur*s degrees,...; „ 219*2 

Fahr. Cent B^fctu 

Absolute temperature of melting ice, 493°*2 274° 21 9^*2 

Atmospheric boiling point of water, 673*2 374 299*2 

(See Table, pages 280, 281, 282.) 

BuLE IV. — To find the efficiency of a perfect heat engine, working 
between given limits of temperature ; divide the difference or range 
between the limits of temperature, by the higher limit of absoliUe 



Bemark. — ^The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvement. 
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Table of the ELAsncrry of a Perfect Gas. 



EXPLANATION OF SYMBOLS. 

T. — ^Temperature, measured from the ordinary zero. 
t — ^Absolute temperature, measured from the absolute zero. 
P. — Pressure of a perfect gas in pounds avoirdupois on the square 
foot. 

V. — ^Volume of one pound avoirdupois in cubic feet. 

PV. — Product of these quantities at any given temperature. 

PoYq. — ^Value of that product for the temperature of melting ice. 



Centisrade. 


Fahrenheit. 
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( 
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PoVo 


-30° 


344° 


-22^ 


439» 


0-8905 


-35 

-20 


. 2il0 ... 


— 13 


,-... 448-3 

457-2 


0-9088 
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. «^y ... 
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1-0182 
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284 
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Cntignda. 
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Centigrade. Fahrenheit PV 



T I T I 



PqVo 



390° 664*' 734° 1195-2 2-4234 

400... 674 752 1213-2 2*4599 

410 684 770 1231-2 2-4964 

420 694 788 1249*2 2-5329 

430 704 806 1267-2 2*5693 

440 714 824 1285-2 26058 

450 724 842 1303*2 26423 

460 734 860 1321*2 2*6788 

470 744 878 1339-2 2-7153 

480 754 896 1357-2 2-7518 

490 764 914 1375-2 2*7883 

500 774 932 1393*2 28248 

520 794 968 1429*2 28978 

540 814 1004 1465-2 2-9708 

560 834 1040 1501-2 30438 

580 854 1076 1537*2 3-1168 

600 874 1112 1573*2 31898 

620 894 1148 1609-2 3*2628 

640 914 1184 1645*2 3*3358 

660 934 1220 1 68 1 -2 3*4088 

680 954 1256 1717-2 3*4818 

700 974 ^292 1753-2 3*5547 

720 994 1328 1789-2 36277 

740 1014 1364 1825-2 3*7007 

760 1034 1400 i86i-2 3*7737 

780 1054 , 1436 1897-2 3*8467 

800 T074 1472 1933*2 3*9197 

820 1094 1508 1969-2 3*9927 

840 1114 1544 2005-2 4*0657 

860 1134 1580 2041-2 4*1387 

880 1154 1616 2077-2 4-21x7 

900 1174 1652 2113-2 4*2847 

920 1194 1688 2149-2 4*3577 

940 1214 1724 2185-2 44307 

960 1234 1760 2221-2 4*5036 

980 1254 1796 2257-2 4*5766 

1000 1274 1832 2293*2 4-6496 



HEAT ENGINES — 8TEA1C 283 

Utile V. — To find the total work in a heat-engine done by a 
given expenditure of heat; reduce the expenditure of heat to units 
of work (see Rule II., page 277), and multiply by the eflSciency. 

Kemark. — ^A quantity of heat equivalent to the total work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

KuLE VI. — To find the expenditure of heat in a heat-engine 
required in order to do a given total quantity of work ; divide by 
the efficiency, or multiply by its reciprocal; the product will be the 
required expenditure of heat expressed in equivalent units of work ; 
which may be reduced to units of heat by dividing by the proper 
co-efficient, as given in Rule II. 

As to eaypansion hy heat, see pages 147, 148; also Tables, pages 
278 to 282. 

Rule VII. — To find the total Iieat of evaporation of an unit of 
weight of water : the temperature of the feed- water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for every degree that the feed- 
water is bdow the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is ahove the atmospheric boiling point. 

To calculate the same quantity in units of evaporation at the 
atmospheric boiling point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule VIII. — To calculate the pressure of steam corresponding 
CO a given boiling point, or the boiling point corresponding to a 
given pressure. Let p be the pressure (absolute); t, the boiling 
point, in ahsolvte temperature; A, B, C, constants. Then 

B C 1 //A-logp B2 \ B 

log;, = A - -^ - -,; - = y/(—^ "TC^J-fC- 

Values of constants for steam, with common logarithms, and 

pressures in lbs. on the square inch, — 

B B* 

A LogB. LogC. 2"^. ^^^. 

6*1007 3*43642 559873 0-003441 000001184 

For results, see Table, pages 285 to 288 ; also plate at end. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly siosteen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This nile serves to find volumes of steam corresponding to pressures 
intermediate between those given in the Table, pages 285 to 288, 
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EuLE IX. A. — (Fairhairn and Tate's Rule.) — To calculate the 
volume of one lb. of steam at a given pressure. From the absolute 
pressure in lbs. on the square inch, subtract 0-35; divide 389 by 
the remainder; to the quotient add 041; the sum will be the 
volume of one lb. of steam in cubic feet, nearly. 

For relations between pressures, volumes, and temperatures of 
steam, see the left-hand diagram in the plate at the end of this 
volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Effect of Salt on Boiling-point. — Each 32d part by weight of salt 
in water raises the boiling-point 1°'2 Fahr. = 0°'67 Cent. Ordi- 
nary sea- water contains one-32d part of salt. 

2. ActioB of Sleam in Cyliader.— RuLE X. — To calculate the 
mduxited power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Rules 
XV. and XVI) determine the mean effective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine ; the product will be the indicated power in foot-pounds per 
minuie; which, being divided by ,33,000, will give the indicated 
horse-power* 

Remark. — ^As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept^ see page 239, 
Remark on Rule IV. 

Rule X. a. — Or otheruoise: — Multiply the mean effective pressure 
by the a/rea of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston.) 

Remark. — The effective or a/vadlahle povoer is usually about 0*8 
of the indicated power; that fraction being the effwiem/cy of the 
meehamsm. 

Rule XL — In a proposed steam-engine, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diagrams are taken for scientific purposes, the weather- 
barometer should be observed, in order that abaohUe pressures may be de- 
duced from the diagram; which of itself shows only differences between the 
pressures of the steam and of the atmosphere. As to conversion of pressures, 
see pages 103, 115. 

u 
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A 

of the piston in feet 'per second; — , the ratio in which the area of 

the piston is gi*eater than that of the steam-port of the cylinder; <, 
the abaolvie temperature of the steam in Fahrenheit degrees; then 
the required ratio is neaniy^ 

yg A2 

180 t a2' 

The velocity of the steam in the port, , should not exceed 

100 feet per second; and then the ratio becomes 1 

loO t 

= 1 — — nearly for Fahrenheit's scale, or 1 for the Centigrade 

t t 

scale. Let t = 720* Fahr. = 400* Cent. ; then the ratio = 0-92 

nearly. 

Rule XII. — To calculate approximately the ratio f -^-^ j in 

which the mean ahsohUe pressure in a cylinder will probably be 
less than the initial absoltUe pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 



JPm. 



17-16r-A 



Pi r 

(The quantity r ~ "" may be computed by taking the reciprocal of 
r (called the effective cut-off^, and extracting the square root /our 
times.) 

For results of Method 1, see Table A, page 292; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

jPm_ l-^-byp. log, r 
Pi r 

For hjrperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

Eehark. — In ordinary practice, the dijfference between the 
results of those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
hyperbolic logarithms is at hand. 
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Method 3 .♦— (See fig. 107.) Draw a straight line C A B, in 

which make A B = 4 A C. Draw A D perpendicular to C A B; 

and about C describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that ^j- shall 

represent the effective cut-off' (and 

DA 

consequently =p=^ the rate of expansion). 

At E draw E F parallel to A B. Then 

E F 

- ^ will be the required ratio of mean 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^»S- ^^7- 

Rule XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the Ttiean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Rule XII. ; the product will be the 
mean absolute pressure; from which subtracting the back-pressure, 
the remainder will be the required mean effective pressure. 

Absolute back-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

Rule XIV. — ^To allow for the effects of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio bor;ne 

by the clearance to the effective cylinder-capacity; -j, the actual 

cut-off, or fraction of the stroke during which the steam is admitted; 

-, the effective cuiroffy or reciprocal of the rate of expansion. Then 

1 

\ r , 1 + c 

and r = r" 



r 1 + c' 1 + c r' 

From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by pm : then the corrected mean absolute pressv/re is 
as follows : — 

Case I. When there is no cushioning; p'fn=Pm-c (Pi^pm)', 
p^ being the initial absolute pressure ; 

Case II. When steam enough is cushioned to fill the clearance 

Pm 

at the pressure p^) jpm= , a 

* First published in the Engineer for the 13th April, 1866. 
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Expansive Working op Steam. — ^Table A. — Dry Satti/rcUed Steam. 



f» 


I 


rpm 


Pi 


a 


^ 




r 


Pi 


TPm 


i>« 


Pi 


20 


•05 


373 


•268 


5-3<5 


•186 


I3i 


•075 


3-39 - 


•295 


393 


•254 


lO 


•I 


314 


•318 


318 


•314 


8 


•125 


2*97 


•337 


270 


.370 


6| 


•15 


278 


•360 


240 


•417 


5 


•2 


2*53 


•395 


1-98 


•506 


4 


•25 


233 


•429 


172 


•582 


3| 


•3 


2'l6 


•463 


1-54 


•648 


2f 


•35 


202 


•496 


142 


707 


2* 


•4 


1-89 


•529 


132 


756 


2I 


•45 


1 78 


•562 


125 


•800 


2 


•5 


1-68 


•596 


119 


•840 


1 


•55 


1-59 


•630 


114 


•874 


•6 


150 


'666 


i-ii 


•900 




•65 


1-43 


•700 


I -08 


•926 


iS. 


•7 


1-35 


740 


I -06 


•945 


i^ 


75 


1-28 


778 


104 


•960 


I'i 


•8 


1*22 


•819 


102 


•976 


^^ 


•85 


116 


•861 


I'd 


•986 


14 


•9 


I'll 


•903 


1-005 


•995 




Table B.-^Moderatdy Moist Steam. 




20 


•05 


4-00 


•250 


500 


•200 


I3i 


•075 


359 


•279 


372 


•269 


10 


•I 


330 


•303 


303 


.330 


8 


•125 


308 


•325 


2*6o 


•385 


6| 


•15 


2*90 


•345 


2*30 


•435 


5 


•2 


2-6i 


•383 


1*92 


•522 


4 


•25 


239 


•419 


1-68 


•596 


3J 


•3 


2'20 


•454 


1-51 


•661 


^f 


•35 


205 


•488 


I '39 


•717 


24 


•4 - 


I-9I 


•523 


1-31 


765 


28 


•45 


I 80 


•556 


124 


•809 


2 


•5 


1-69 


•591 


i-i8 


•846 


It 


•55 


I -60 


•626 


ri4 


•878 


•6 


1-51 


•662 


I*IO 


"906 


'^ 


•65 


1-43 


•699 


1-07 


•929 


I . 


•7 


136 


737 


105 


'950 


I;; 


•75 


1-29 


777 


1-04 


•965 


I- 


•8 


I'22 


•818 


1*02 


•978 


^fr 


•85 


116 


•860 


I'OI 


•989 


^i 


•9 


I'll 


•9c 


1-005 


'995 
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Explanation of Tables. — r, rate of expansion; -, effective 

cut-off; Ply initial absolute pressure; pm, mean absolute pressure. 

EuLE jLY, — To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended vs^ul ujork per mintUe 
add an allowance (say (me-fourth on an average) for resistance of 
engine; the sum will be the indicated work per miniUe. Divide, if 
the engine is single-acting, by the intended number of revolutions, 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the a/rea cf piston, 

3. Expeadltare of Heat in the Cylinder and Efflciencj of Ckue 
8ieam.~IluLE XVI. — To calculate the ahsolute pressure of release 
(P2) (that is, the absolute pressure at the end of the expansion); 

Case L — Dry saturated steam, 

P2 = i>i ^ "" ^* ; 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^', multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case IL — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make jOg = )• 

KuLE XVII. — To calculate the intensity of a pressure {pi), 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in Rules XII. and XIIL, and p^Bam 
lluleXVL; then 

In condensing engines, p^, = p^ + 15 P2; 
In non-condensing engines, /^^ - Pm + ^^ P2> 

These results are correct to about one per cent. 

Rule XVIIL — To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p« = Pm — Pz ^'^ mean effective pressure, 
found as in Rule XIIL Then 

Efficiency of steam = ^^ = ^?."" '^\ -. — . 

Ph Pm-^ 15or U/?2 

Rule XIX. — To find the eoGpendUva^ ofheaJt in the cylinder in a 



294 HEAT AND THE STEAM ENGINE. 

given time; either multiply the indicated work in that time by the 
reciprocal of the efficiency, — ; or multiply the volume swept by 

the piston in the same time by pj^. 

The result is expressed in units of work, which may, if required, 
be converted into ordinaiy units of heat, or into units of evapora- 
tion, by dividing by the proper co-efficient as given in Rule II., 
page 277. For practical purposes units of evaporation are the 
most convenient. 

Rule XIX. a. — For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
clearance; then, — 

Case I. — If there is no cushioning, multiply by 1 + c. 

Case 11. — If there is cushioning sufficient to fill the clearance 
with steam at the absolute pressure p^ ; divide by 1 + c r'. (See 
Rule XIV.) 

Remarks. — The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A. — ^Work of one lb. of steam, Uj - TJg. 

RuuB B. — ^Expenditure of heat, in units of work, TJi — TJg + Hg 
— h; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, Hj — ^ is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. Ezpenditnre of iTater.— RcjLE XX. — ^To find the net weiglU of 
feed-waier required per stroke; divide the total cylinder-capacity 
by the volume of one lb. of steam at the pressure of release ( jpg)? ^ 
found by means of Rule IX., page 283, or IX A., page 289; or of 
the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX a. — For a rough approximation to the n^ toeight of 
feed-uxiter per stroke, correct to 10 per cent., and erring on the safe 
side; multiply together the absolute pressure of release and cylinder- 
capacity so as to get the product in foot-lb&, and divide by 



«-r 




^i 


2. 


3h 


4. 
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50,000. For the approximate net voIutm in cubic fed per f^ohe^ 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Rule 
XIX.) in units of evaporation. 

EuLE XXL — For the gross feed-toatery multiply the net feed- 
water. 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^ ; 

If sea- water, and the brine is to be discharged at n times 

2 n 
the saltness of sea- water, multiply by - 

Values of w, 3 

—feed-water, 3 

net 

Rule XXII. — In a condensing engine, to calculate the nKt 
vxight of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke ; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the required weight in lbs. 

For cubic feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Rule XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section IL — ^Rules relating to Furnaces and Boilers. 

1. Faei. — Rule I. — To estimate the theoretical evaporoUive power, 
that is, the total heat of combtistion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fractions for 
carbon, hydi'ogen, and oxygen respectively. Then, 

Theoretical evaporative power =15C + 64 (H — 77). 

Rule IL — Net vmgM of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 C + 36 



(--?)• 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required iu 
the ratio of 1^ : 1 or 2 : 1. . 
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Examples of Theoretical Evaporative Powers of Ffel. 

Caxbon, 15 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke^ „ 12 to 14 

Coal, best qualities: — ^Anthracite, 15 

„ „ Bituminous, from 14 to 16 

„ „ Oxygenous, about 13^ 

>, „ Brown, „ 12 

Peat, absolutely dry, „ 10 

Wood, do., „ 7i 

Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

EuLE III. — To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
nimiber of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples : — 







Scraare feet 

heating surface 

per lb. fuel 

per hour. 


Efficiency 

of 
Furnace. 


AyaUable heat 
per lb. coal, 

iftotalheatis 
13i units of 

Evaporation. 


Small heating surface...... 


• •• 


0-50 

[075 


046 


6-21 

7*43 


Ordinary heating surface 
tubular boilers, 


in 


I -00 
125 
1-50 
2 -00 
300 
6-0O 


o-6i 
065 
0*69 

073 
079 
0-84 


824 

877 


Water-tube and 
boilers, 


cellular 


9-31 

985 
10 -66 

"•34 



The efficiency of a furnace is liable to be diminished by from '2 
to '5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 0*3 
in the divisor instead of 0*5. 

Rule IV. — To estimate the available heat of combustion of fuel ; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

BuLE V. — To estimate the probable expenditure of fuel in a 
^iven time required in a given steam engine. 

EaUmsLte the expenditure of heat by Rule XIX. of the precedr 
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ing section, page 294, and divide it by the available heat of combus- 
tion of an unit of weight of the fueL 

2. DlBftCMsioBS of Furnaces and Boilers and their Fittings. — Area 
of fire-grate; in furnaces with chimney draught, from •! to -04 
square foot per lb. of fuel burned per hour. 

Area of fire-grate; in fiimaces with draught forced by blast- 
pipe or otherwise, from '04 to '01 square foot per lb. fuel' per 
hour. 

Heating surface; see preceding Article. 

Sectional a/rea of fines or tvhes from f to i of area of grate; area 
of chirmiey, about iV ai'ea of grate. 

Capacity of boiler; steam and water space = heating surfa'ce x 
from 3 feet to 1^ foot in stationary cylindrical and flue boilers; 
from 1 foot to '5 foot in tubular boilers, stationary or marine ; and 
about '1 foot in locomotive boilers and water-tube boilers. 

Capacity of furnace, fines, and tithes = area of grate x from 6 to 
8 feet 

Area of air-lioles above level of grate = about ^V area of 
grate. 

Pitch of hotter stays, from centre to centre ; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
hoUer shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve, — Bule. — ^Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by 006 ; the pro- 
duct will be the required area in square inches. 

Brine refrigerator for marine boilers : surface of tubes should if 
possible be tt> square foot per lb. of brine blown off* per hour (from 
i to i of gross feed- water). 

Injector, — Sectional area of narrowest part Rule. — Divide the 
gross feed- water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches For 
circular inches, divide by 630 instead of 800. 



Section III— Vabious Dimensions op Engines. 

1. Condensers— Pnmps.— Common condefMer, from i to j capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation-water by 
Rule XXIIL, page 295; divide by 1,620 feet; the quotient will 
be the area in square feet. 

Air-pump, single-acting, for common condenser; from J to 4 
capacity of cylinder. Valves and passages of such size that speea 
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of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. 

Feed-pumps depend for their capacity on gross supply of feed- 
water (see Rule XXI., page 295); and cold water pumps on the 
gross supply of condensation-water. (Rule XXIIL, page 295.) 
Brine-pumps for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Surface condenser, from 2^ to 5 square feet surface per indi- 
cated horse-power; air-pump, if single-acting, J capacity of 
cylinder. 

2. stenm-patsages and Taive-porit to be of such area that velocity 
of steam shall not exceed 100 feet per second. 

3. HUde-Taive Oearing.— By the angular advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions at the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half- travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the arrow show 
the direction of rotation; let X a; be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the forward end of 
its stroke; and FAX will be the angular advance of the 
eccentric. 

Lay off the distance A F to represent the half-travel; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

AG AH 

G and A E in H ; then -r-^ = _, will be the required ratio of 

lap oA the indtiction-side to half-travel; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
hadf-traveL 

On the same scale, I K represents the undth of opening of the 
valve a>t the beginning of the stroke, sometimes called the "lead of 
the slide." Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke, 

* The method used in this and the following rules is that of Professor Dr. 
Zeuner, of the Swiss Federal Polytechnic School at Zurich, published in hia 
treatise on Slide-valve Glaring, entitled, Die Schiebersteuerungen. 



SLIDE-VALVE GEABINO. 
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Rule II. — Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

AL = AF; onAL as a diameter draw a circle cutting A M in 

AN 
N : then — -^ will be the required ratio of lap at eduction-side to 

half-travel. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the crank at the instant when cushioning begins. 

Rule III. — Given, the data and results of Rule I., and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction -side to half- travel, and the position 
of the crank at the instant of release— produce E A as before; 
ojiAL = EAasa diameter draw a circle cutting A Q in P : 
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-T-y will be the required ratio of lap at the edv/stion-side to Iw^f- 

travel. 

About A draw the ''circular arc P N, cutting the circle A L 
again in N; join AN: AN will be the position of the crank ait 
the instant of release. 

EuLE IV. — Given, the angular advance of the eccentric, the 
half- travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines B A C and X A a; per- 
pendicular to each other; and take B and C to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle E A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diametera, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, A H E, A G D, A N M, A P Q. These 
will represent respectively the positions of the ci*ank at the instants 
of admission, ciU-off, release, and cushioning, 

BuLE V. — For an eccentric to drive a separate expansion gridiron 
slide-valve, make the angular advance 90°; also make width of 
openings -t- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. liink-Motfoii.— In Gg, 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A C, the backward eccentric radius; 



Fig. 109. 

B D, the forward, and C E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Kadius of curvature of link = length 
of rods, or nearly so. 

Rule VL — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to half the distance 
B O, that the length of the rods B D bears to tiiat of the link DE, 
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draw the arc B C* If the eccentric rods are so placed (as in the 
iigure) that when the eccentrics are inclined towards the link^ the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D R Then the 
motion of the stud, F, will be very nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-travdy A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the preceding Article. 

5. Nominal Horse-Power. — I. OrSinary Ride foT Condensing 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

II. Admiralty Rvlefor Screw-PropeUer Engines only. — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvlefor Non-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
times the nominal power. 

*This construction is due to Mr. MTarlane Gray (see his Geometry 

of the Slide Valve.) 
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ADDENDA TO PART IX., SECTION I. 



Fnsion of Solids.— The following are the mdtmg points of a few 
of the more important substances. Those marked ? have been 
measured by the pyrometer : — 

Fahr. 

Bismuth, 493° 

Lead, 630 

Zinc, 700 ? 

Silver, 1,280 ? 

Brass, 1,869 ? 

Copper, 2,548 ? 

Grold, 2,590 ? 

Cast-iron, 3^479 ? 

Wrought-iron, higher, 
but uncertain. 



Fahr. 

Mercury, — 38° 

Ice, + 32 

Alloy— Tin 3, lead 5, ) 

bismuth 8, about, J 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) , 

leadl, / ^4^ 

Alloy — Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 
Tin, 426 

Latent heai of fusion of ice, about 140 British units; of tin, 
500. 

Flow of Oaseiu- Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be pj, t?i, t^, and without the 
vessel, P2> ^2> ''2^ *^^ ^®* Pq ^0 ^® *^® value oi pv for the absolute 
temperature Tq of melting ica (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel; 

ky a co-efficient of contr<ict{on, or of efflux, so that the effective area 
of the orifice is A; O ; 

^ty the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second; then, 



W 



kOu 



kOu 



^oPi 



•'2 . Pq ^0 ''1 ^V 

Values ot y\ air, 1*408; steam-gas^ about 1*3. 
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Values of the co-efficient of efflux k for air (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- \ k 

tnicted vein, with effective pressures of from > 0*97 to 0*99 

•23 to 1*1 atmosphere, j 

Circular orifices in thin plates, ...o'563 to 0*788 

Short cylindrical mouthpieces, o*8i to 0*84 

The same, rounded at the inner end, 0*92 to 0*93 

Conical converging mouthpieces, 0*90 to 0*99 

The principles of the flow of liquids may be applied with- 
out sensible error to gases made to flow by small differences of 
pressure. 

Addendum to Part III., page 132. 

liereiiing by the Barometer. — To correct the difference of level 
given by the formula for variations in the force of gravity, divide 
by the co-efficient of g-^ in the note to page 24l^. 



Addendum to Part VII. 

Friction of licather Collars.— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More's experiments, is about to of the depth of 
bearing surface of the collar; and according to Mr. Hick's ex- 
periments, from -01 inch to '015 inch, according to the state of 
lubrication of the collar. 



Addendum to Part VIIL, page 274. 

Additional Resistance of Ship, dne to short after-lKNiy. — Let V be 

the speed in knots; ?, the proper least length of after-body, in feet 
= f v^j I'y the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additional resistance in lbs. — 

= b'^^ sin 2 y • S A / (l - -^ )> nearly. 



lu 



•^nsic 



^7. 



.^ Mwougui o^ 195, 197. 
L ouningUi for, I Building, labour o^ 253^ 254. 
I fiulkiness, 147. 
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Absolute temperature (see Tempera- 
ture). 

unit of force, 104. 
Abutments, stability o^ 184. 
Acceleration, 245. 
Actual energy, 246. 
Adhesion ot locomotives, 243. 
Air, expansion and elasticity o^ 280. 

for furnaces ; supply of, 295. 

flow of, 302. 
Air-pump of steam engine, 297. 
Aliuninium bronze, strength o^ 205. 
Angles, measures of, 90. 

reduction of, to the centre, 130. 

taken by sextant, reduction o^ to 
the level, 130. 
Angle of repose, 180, 182. 

to set out a right, 127. 
Angular momentum, 247. 

velocity, measures o^ 102. 
Aqueducts (see Water). 
Arch, linear, or equilibrated rib (see 
Eib). 

of masonry or brickwork stability 
of, 188. 

strength of, 224. 
Area, measures of, 95. 
Areas, mensuration of, 63, 129, 143. 
Asses, work of, 251. 
Atmospheric pressure, 115, 132. 
Axis of rotation, 229. 
Axle, strength o^ 226, 249. 
Azimuth, 119. 

Back pressure (see Steam). 
Backwater from a weir, 265. 
Bands in mechanism, 235. 

Mction of, 241. 
Barometer, levelling by, 132, 303. 
Bars, weight o^ 153. 
Base of survey, to measure, 123. 
Beams, action of load on, 212. 

allowance for weight o^ 220. 

continuous over piers, 224. 

cross-sections of equal strength for, 
219. 

1 



Beams, deflection o( 221. 

effect of twisting on, 226. 

limiting length o^ 221. 

of uniform strength, 219, 229. 

proportion of depth to span o^ 224. 

resilience of, 224. 

shearing action on, 216. 

stif&ess of, 221. 

strength o^ 212. 

sudden load on, 216. 

to deduce stress from deflection 
of, 224. 

travelling load on, 216. 
Bed of stream, stability o^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour o^ 253. 
Blocks and tackle, 238. 
Blowing off, 297. 
Boiler, dimensions and fittings ot 297. 

efficiency of, 296. 

strength o^ 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength o^ 208. 
Boring, labour o^ 253. 
Bracing of frames, 168. 
Brake, 241. 

Brass, strength of; 195, 197. 
Breaking across, resistance to (see 

Bes^). 
Brickmakine, labour of, 253. 
Brickwork, labour o^ 254. 

stability o^ 179. 
Bridges, framed, 169. 

gimer (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Arch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points of, 289. 
Bronze, strength of; 195, 197. 
Building, labour o^ 253, 254. 
Bulkiness, 147. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Cables, strength o^ 204, 227. 

Canvas, strength o^ 205. 

Capacity for heat (see Specifi' heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates o^ 175. 

ribs, 174. 
Catenary, 80, 174 
Cement, strength ofi 203. 
Centres for arches, 190, 255. 
Centre of buoyancy, 157. 

of gravity, 153. 

of magnitude, 81. 

of oscillation or percussion, 155. 

of pressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of, 244. 
Channel, flow in, 264. 

stability of bed o^ 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas, 39, 42, 
68,77. 

arcs, 61, 77. 
Clearance, 291, 294. 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strengthen 209. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength o^ 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength of, 195, 197. 
Couples, statical, 161. 
Crank, motion o^ 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201,203, 205; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, correction for, 

131. 
Curves, measurement of the length 
of, 74 

on railways, cant of, 139, 142. 

settmg out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity of^ for steam, 293. 

strength of, 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients of, 259. 
Drainage area (see Bain-faU). 

Earth, curvature of the, 117, 131. 

dimensions of the, 117. 

heaviness of^ 152. 

natural slope of, 180. 

pressure o^ 179, 180, 183. 
Earthwork, breadths o^ 142. 

labour of, 253. 

mensuration of^ 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest, in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. . 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticity of cases, 278, 280. 

of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

Ijotential, 239. 
Epicycloidal teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277. 
Evaporation, factors o^ 284 

lat^t heat o^ 28a 
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Evaporation, total heat o^ 283. 

unit of, 105, 277. 
Excavation (see Earthwork). 
Expansion by heat, 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive actiop of steam, 290, 292. 

Factors of safety, 205. 

Falling body, 248. 

Fall of water, energy of, 269. 

Feed-pump, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 15a 

driving, 240. 

resultant, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
of, 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordinary, 181. 
Frames, bracing of, 168. 

equilibrium and stability o^ 165, 
169. 
Friction, moment o^ 241. 

of earth, 180. 

of machines, 240, 303. 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, availa})le heat of combustion 
of, 296. 

expenditure of, 296. 

supply of air to, 295. 

total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings of; 297. 

efficiency o^ 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, expansion and elasticity of, 

148, 280. 



Gases, flow of, 302. 

heaviness of, 149. 

properties of, 278. 
Gathering-ground (see Bain-fall). 
Gearing, 298. 

Geodesy, engineering, 117. 
Girder (see Beams). 

continuous, 224. 

stijQFening, for suspension bridges, 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength of, 197, 203. 
Gravity, accelerating effect o^ 245. 

centre of; 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of, 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, eflficiency of; 277. 

expansion by, 147, 148, 278, 280. 

expenditure of, in an engine, 283, 
293. 

intensity of, or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unit of, 105. 
Heating surface, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

table of, 249. 
Hoop, stress of, 176. 
Horse-power, 104. 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work of, 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting of, 302. 
Impulse, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment o^ 154. 

reduced, 249. 
Iigection water (see Condensation). 

valve or sluice, 297. 
Injector, 297. 

Intensity of jnressure, 103, 115. 
Iron arched ribs (see Eibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength of, 195, 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleable and steely, strength of, 
191, 200, 201. 

pipes, strength o^ 207, 268. 

resilience of 194. 

struts and pillars, 209. 

Jet-propeller, 275. 
Journals, strength oi^ 226, 249. 
Jumping holes in rock, labour of. 



Keys, strength o^ 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration of^ 129. 
Latent heat of evaporation, 283. 

heat of fusion, 302. 
Latitude of a place, to find,* 122. 

length of a minute of, 117, 118. 
Lengtn, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

by the boiling point of water, 133. 
Link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o^ 243. 

tractive force of, 244. 

weight ofi 244. ' 

woA of, 245. 
Logarithms, common, 1, 11. 

hyperboUc, 35, 38. 
Longitude, length of a minute o^ 117, 

118. 



Machines, 228. 

balancing o^ 241. 

driving force of, 240. 

friction o^ 240. 

reduced inertia of, 249. 

varied motion o^ 245. 

work of (see Work). 
Magnitude, centre o^ 81. 
Man, work of, 252 (see Labour). 
Masonry, labour o( 253, 254. 

stability of; 179. 
Mass, centre of (see Centre of 

gravity). 
Measures, British and French, com- 
parative table of, 110. 

multipliers for conversion o^ 107, 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of lengffch, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work of^ 252. 
Meridian, to find the, 119. 
. length of arcs of, 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 253. 
Moment, measures o^ 104. 

of inertia, 154. 

of sail, 2T5. 
of stability, 185. 
of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength of, 203. 
Motions, comparison o( 228. 
Mules, work of, 251. 
Muscular strength, work o^ 250l 
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Nautical mile, 93. 

Nominal horse-power of engines, 301. 

Notches, flow of water through, 261. 

Orifice, flow through (see Water). 
Oscillation, centre of (see Centre). 
Overshot water-wheels, 269, 270. 
Oxen, work o^ 251. 

Paddles, 275. 
Parabola, area o^ 63. 

length of, 79. 
Parallel forces, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulum, revolving, 246. 
Percussion, centre of, 165. 
Periodical motion, 238. 
Piles for foundations, 182. 

screw, 183. 
Pillars, strength of; 209. 
Pins, strength of, 208. 
Pipes, friction in, 258. 

flow in, 263. 

strength of, 207, 268. 
Piston, 238. 

rod, strength of; 210, 250. 
Planimeter or jvlatometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plates, buckled, strength o^ 227. 

weight o^ 153. 
Platometer, 80. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength of, 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement of, 104, 239. 

muscular, 250. 

of a fall of water, 269. 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength of, 207. 
Pressure, centre of, 156. 

intensity of, 103, 115. 

of earth, 179, 180, 183. 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime factors, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessels, 274, 303. 
Pull (see Tension). 



Pulleys and belts, 235, 238, 241. 
Pumps for steam engines, 2i97. 

QuABBYiNG, labour o( 253. 

Rails for railways, 244. 
Railways, breadths o^ 141. 

curves on, 133. 

power exerted by locomotives on, 
245. 

resistance of vehicles on, 243. 

ruling gradients o^ 244. 
Rain^ 267. 
Ram, hydraulic, 273. 
Ranging (see Setting-out), 133. 
Re-action of moving body, 246. 

water-wheel, 273. 
Reciprocals of numbers, 1, 11, 31. 
Reduced inertia, 249. 
Reduction of resistances in machines 

to the driving point, 240. 
Refraction, astronomical, 122. 

correction of levels for, 131. 
Repose, angle o^ 180, 182. 
Reservoir, time of emptying, 267. 
Resilience of beam, 224. 

of iron and steel, 194. 

of silk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction). 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 30a 

of water in pipes and channels, 
257, 25a 
Resolution of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 158. 

of inclined forces, 158, 160. 

of parallel forces, 162. ' 

of stress, 158. 

of weight, 158. 
Retaining walls, stability o^ 184. 
Retardation, 245. 

Revdtements (see Retaining walls). 
Rhumbs, table o^ 89. 
Ribs, arched, equilibrium of, 174, 176. 

strength of; 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 263 (see 

Water-channels). 
Rivets, strength of; 208. 
Rivetted joints, strength o^ 207- 
Rivetting, labour o^ 255. 
Roads, plank, labour of making, 255. 
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Boads, resistance of vehicles on, 242. 
Hods, weight o^ 153. 
Rock-blasting, labour o^ 253. 

boring, 25£ 

foundations, 181. 

heaviness o^ 152. 

quarrying, 253. 

tunnelling in, 253. 

(See dso Stone.) 
Eopes, strength of, 204. 
Eotation, 229. 

actual energy of, 247. 

angular velocity o^ 102. 

axis o^ 229. 
Rupture, modulus o^ 198, 201, 202. 

Safety, factors of, 205. 

valve, 297. 
Sails of ships, 275. 
Sandstone, strength ot 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screws in mechanism, 235. 
Screw piles, 183. 

propeller, 276. 
Sections, method o^ applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, strength of, 226, 249. 
Shearing, resistance to, 197, 201. 

208. 
Ships (see Vessels). 
Simpson's Rules, 64. 
Sines, 61. 

Slate, strength of^ 195. 
Slide valve gearing, 298. 
Sluices, discnarge from, 263. 
Soli(^ 'centre of magnitude of, 84. 

measures, 96. 
Solids, mensuration of, 72. 
Soundings, reduction of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures of, 102. 
Spheres, strength of, 207. 

volume of, 73. 

weight of, 15a 
Spherical areas, 71. 



Spherical excess, 55. 

triangles, 55, 58. 
Squares of numbers, 1, 11. 
Stability of masonry, 179. 

of vessels, 275. 
Stars, decUnations of, 121. 
Station-lines of surveys, 119, 128. 
Steam, action o^ on piston, 289, 290, 
292. 

back pressure of^ 291. 

density of, 283, 285, 289. 

efficiency o^ 293. 

expenditure of fuel on, 296. 
of heat on, 29a 
of water on, 294. 

engines, dimensions o( 293, 297. 

latent heat of, 283, 284. 

mean pressure o^ 290, 292. 

passages, resistance of, 289. 

pressure of saturation of, 283, 285, 
289. 

room (see Boiler). 

tables relating to action o^ 285, 
292. 

total heat of, 283, 284. 

valve, 298. 

volume o^ 283, 285, 289. 
Steel, resilience of, 194. 

strength of, 191, 200. 
Stiffiiess of beams, 221. 
Stones, heaviness oi^ 152. 

strength of; 195, 197, 198, 20a 
Stream (see Water). 
Strength of axles, 226. 

of beams, 212. 

of boilers and cylinders, 207, 211. 

of bolts, pins, keys, and rivets, 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

ofshafts, 226,249. 

of spheres, 207. 

of suspension bridges, 173, 225, 
226. 

of teeth, 23a 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables o( 191. 
Stress, measures of; 103. 
Stretching, resistance to, 195, 206. 
Struts, strength of, 209. 
Sur&ce-condenser (see Condenser). 
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Surface, heating (see Heating sur- 
face). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 191, 195, 

206. 
Teeth of wheels, dimensions and 

figure 0^ 233. 
strength of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength of, 206. 
Timber, labour of working, 254. 

strength of, 196, 198, 202. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature). 
Towers, stability of^ 184. 
Towns, demand of water for, 268. 
Trains, railway, resistance ofi 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Kupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
TrigonometricsJ rules, 52. 
Trigonometry, use o^ in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strength o^ 207, 211. 
Turbines, efiiciency of, 269. 

dimensions and figure oi^ 272. 
Tunnels, arching o^ 188. 

labour of excavation in, 253. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Undershot water-wheels, 269, 271. 
272. 

Vaxue, measures o^ 300. 
Valve, safety, 297. 

slide, 298. 
Vaults, stability of (see Arch). 



Velocities, virtual, principle o( 240. 
Velocity, measures o^ 102. 

angular, measures of, 102. 
Vessels, propulsion oi^ 274. 

resistance o( 274, 303. 

sails of; 275. 

stability o^ 275. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184 
Water-channels, discharge o^ 264. 

resistance o^ 257. 

stability of, 268. 
Water, contraction of streams o^ 
259. 

demand for, in towns, 268. 

discharge ofi from oriJQces, notches, 
and duices, 263. 

expansion o( by heat, 147. 

flow of; 256. 

gaugmff, 260. 

head o? 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

suppljr o^ by rain-fjEiU, 267. 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength o^ 268. 
Water-wheels, dimensions and figure 
of; 270. 

efficiency o^ 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open surrent, 

272. 
Wave-lines, area of, 70. 
Weight, measures o^ 97. 

tables o^ 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength o^ 250. 

teeth of, 23a 
Wind, action o^ on towers and chim- 
neys, 184 
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Wind, pressnre o( 276. 
Windimlla, 273. 
Wood (see Fuel). 
Work, against varying 
242. 

calculation of, 2S8. 

during retardation, 245. 



reaiatanoe, 



Work, measures o( 102. 

of acceleration, 245. 

represented by an area, 242. 

useful and wasteful, 239. 
Works, setting out, 133. 

Yabd, standard, 92. 
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